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LIST OF CORRIGENDA 
VOLUME 6 


Page 117, next to last line, for “p= uv” read “ p =2V/ uv.” 

Page 121, last column of table 2, line 9, for “‘h? =h?” read “‘h? =hy?.” 
4h?(1—p*) 

h?(1—4p?) +3 

Page 125, line 4, for “‘ =b?m”’ read “‘f =b?m.” 


Page 127, table 1, heading, for “a?=14(1+/)” read “a?= ne 





Page 121, last line add, “and use h?= 





Page 130, line 7 from bottom, for ‘‘a” read “‘as.” 


a | 9” “cc oy 
Page 137; line 2, for : read a 
519 512 


Page 153, next to last line, for “‘pAa’”’ read “p’Aa” and for “1/2(1—p)aa” 
read “1/2(1—p’)aa.” 

Page 217, table 5, headings, for “Su7u, Sutu, SuTu, Sulu’ read “CTy, Cty, 
Tun, he.” 

Page 448, footnote 2, line 1, for ‘‘amblyomyopic’’ read “‘amblyopic.” 

Page 448, footnote 2, line 2, for “fraction” read “refraction.” 

Page 491, table 1, column 4, line 5, for “‘29” read “3.” 

Page 491, table 1, column 6, line 5, for ‘‘ 23.39” read “2.42.” 

Page 514, line 14, for “r =.25\V/a+b+d+15c” read 
“9 =.25\/a+b+d—15c.” 

Page 525, line 8, for volume “‘41” read volume “46.” 

Page 525, line 11, for volume “46” read volume “51.” 

Page 568, diagram of experiment 11, line 2, extreme right-hand, for 
“(white)” read “‘ (white 9 ).” 

Page 569, diagram of experiment 21, line 4,. for ““2B’B’r.r,” read 
“2B'b'rary.” 
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CHARLES NAUDIN 
(FRONTISPIECE) 


CHARLES NAuvpINn, A.B., B.S., Sc.D., Chevalier of the Legion d’honneur, 
was born at Autun, France, August 14, 1815, and died at Villa Thuret, An- 
tibes, France, March 19, 1899, after a distinguished career as taxonomic bot- 
anist, horticulturist, investigator, founder and director of botanical gardens. 
Orphaned at an early age he was taken in charge by one of his mother’s sisters, 
and on her estate, the Park of St. John, at Autun, he had already acquired 
at the age of nine and ten the taste for work with plants which so strongly 
characterized his whole career. His schooling, begun at Autun, was continued 
successively at Bailleu, Limoux, Montpellier, Autun, Chateau-Chinon and 
Dijon. He received his A.B. degree at the latter in 1836, and returning to 
Montpellier took a B.S. degree the following year. He entered a medical 
school but remained less than a year. He then went to Paris where he func- 
tioned for several years as secretary of the Court of Courchamp. This occu- 
pation was not particularly agreeable to him, but being thrown wholly on 
his own resources, he had to earn his daily bread. In 1839 he entered the 
employ of the Jardin des Plantes as a simple gardener while continuing his 
studies at night. In 1841 he became a licentiate and received his degree of 
Doctor of Science in 1842 with a thesis on the “Vegetation of Solanum.” 
In the meantime he wrote articles for the various botanical and horicultural 
journals and collaborated with AUGUSTE DE SAINT-HILAIRE on a “Revue de 
la flora du Bresil méridional.”’ In 1843 he began his own study of the Melasto- 
maceae of southern Brazil. 

DECAISNE secured NAUDIN’s nomination as Substitute Professor of 
Zoology at CHapTAL COLLEGE where DecaIsNE himself was Professor of 
- Botany, but NaupIn had to resign this Professorship owing to an incurable 
hardness of hearing which soon isolated him from oral intercourse with man- 
kind. Unhappily this deafness was accompanied by a severe facial neuralgia, 
and although he got partial temporary relief from two operations, he was 
never free from pain from this time until his death. The severity of the pain 
more than once interfered with his ardor for his work. 

In 1854 DecaisnE took NaupIN as his assistant and incited him to seek a 
more scientific basis of species, to study their origin and especially to deter- 
mine the réle of hybridity in their production. NAvupIN began at once to 
collect Cucurbitaceae and to hybridize them. He soon found that they fell 
into a small number of species, C. maxima, C. pepo, C. moschata, incapable 
of intercrossing. 

In 1860 the Academy of Science of Paris offered a grand prize for the 
best paper on hybridity in plants particularly in relation to the origin of 
species, and this prize was awarded to NaAuDIN in December, 1862. The 
memoir entitled “Nouvelle recherches sur l’hybridité dans les végétaux” was 
published in 1865 in the Nouvelle Archives du Muséum d’Histoire Naturelle 
1: 25-176, with 9 plates, mostly colored. The most extensive experiments 
were with Cucurbitaceae, Papaveraceae and Solanaceae. ne 

This paper, representing eight years of investigation of hybridization 
phenomena, was published almost simultaneously with MENDEL’s classic 
paper, and has often been referred to as having barely missed anticipating or 
at least sharine MENDEL’s discoveries, but NaupIn’s basic materials and his 
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conception of the problems to be solved were fundamentally unlike those of 
MENDEL, and even though some Mendelian phenomena came under obser- 
vation, they were relatively too meager and insignificant to attract NAUDIN’s 
special attention. He had no conception of separable unit characters, but 
only of a single specific ‘‘essence” in each species. His formulation of the 
behavior of two such specific essences brought together in hybrid combination 
has a remarkable resemblance to MENDEL’s formulation of the behavior 
of .a single pair of unit differences, but the resemblance is purely formal. 

NAvDIN found no evidence that new species can originate as a result of 
hybridization and concluded that hybrids return sooner or later to the original 
specific types. His views of hybrid behavior were strongly affected, as were 
Darwin’s also, by a misconception of the nature of the classic chimaera or 
“graft-hybrid,” Cytisus Adami.. NAUDIN was of a philosophical turn of mind 
as many of his discussions of species and related problems show. In a paper 
published in 1852 he maintained that Nature produces species by the same 
methods that the practical breeder creates his new varieties of economic 
plants and animals, thus anticipating by about seven years the presentation 
of the natural selection hypothesis of DARWIN. 

In 1869 NavpIN left Paris for Collioure on the Mediterranean coast near 
the junction between France and Spain, in the hope that the warmer climate 
would act beneficially on his neuralgia. There he founded a botanical garden 
and experiment station which he directed and developed for nine years. In 
1878 he was invited to become director of a similar garden which had been 
established at Villa Thuret, Antibes, France, and turned over to the state 
as an adjunct to the Museum of Natural History of Paris. He continued in 
this position until his death in 1899. 

Besides his decoration as Chevalier du Legion d’honneur, already men- 
tioned, he was made a Commander of the Order of the Rose, of Brazil, and 
Chevalier of the Greek Order of the Savior. A street in his native city of 
Autun was named for him, and he received in 1897 the Veitch Commemorative 
Medal in recognition of his services to botany and horticulture. 

The portrait here reproduced was published shortly after NauDIN’s death 
in Bulletin 12 of the Société d’histoire naturelle d’Autun, in connection with 
an appreciative biographical sketch by B. RENAuLT. The data for the present 
sketch are largely derived from a biography by Ep. Bornet published in the 
Comptes Rendus des Séances de |’Acad. Sci. Paris, for March 27, 1899. 
The funds for the reproduction of this portrait were generously provided 
by Doctor Joun C. PHILLips, well known to geneticists for his surgical work 
in connection with transplantation of ovaries, and for his extensive hybrid- 
ization experiments with ducks and pheasants. 
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INTRODUCTION 


In the study of heredity in the genus Oenothera simple Mendelian results 
are very rarely obtained. It is generally conceded that the unusual results 
are due to the production, by a single morphologically uniform strain, of 
gametes of more than one type. The explanations have been various. 
The mutation hypothesis of DE VriEs is of course well known. It has not 
been generally accepted, however, as originally proposed. Morcan (1918) 
and MULLER (1918) have suggested point mutation, followed by crossing 
over, an explanation suggested by their work on Drosophila. , MULLER 
has worked out experimentally a balanced lethal stock of Drosophila in 
which certain seemingly aberrant phenomena of the Oenotheras find a 
parallel. To what extent the. parallel affords an explanation we can not 
judge until the genetic analysis of the Oenotheras has been carried further. 


1 Papers from the Department of Botany of the UNIvERsITY OF MICHIGAN, No. 181. 
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The present paper is a contribution to the genetic analysis of Oenothera 
pratincola. It deals exhaustively with the first case in which simple 
Mendelian inheritance has been recognized and conclusively demonstrated 
when complicated by phenomena peculiar to the Oenotheras. 

The strains of Oenothera pratincola used in this investigation were those of 
which the history has already been published (BARTLETT 1915 a, b; Cops 
and Barttett 1919). Although morphologically alike, one of them, desig- 
nated as strain E, is genetically different from the other seven, of which 
strain C, the strain used in the experiments recorded in this paper, is a 
typical example. 

Strain C produces in every generation a small number of mutations of 
several kinds (BARTLETT 1915a). Some of these kinds appear also in 
strain E, but much more conspicuous in strain E are numerous mutations, 
of a strikingly distinct series, which do not occur in the other strains. 
These mutations occur in such numbers as to merit the term mass muta- 
tion (BARTLETT 1915 b) as a designation of the phenomenon. The series 
consists of four distinct types, all alike in having narrow, strongly revolute 
leaves, and in producing nothing but revolute-leaved plants in their progenies. 
Of these revolute-leaved mutations, mut. formosa (BARTLETT 1915 b), the 
strongest and most fertile of the series, was crossed with f. typica of strain 
E, and with strain C. 

In a former paper (Coss and BARTLETT 1919) it has been stated that in 
reciprocal crosses between mut. formosa and f. typica .E, from which mut. 
formosa arises, inheritance is matroclinic. Strain C pollinated by mut. 
formosa gives a matroclinic progeny; but the reciprocal cross, mut. formosa 
pollinated by strain C, gives in the F; generation only f. typica, in the F; 
generation a Mendelian segregation of 3 f. typica: 1 mut. formosa. 


HYPOTHESIS OF HETEROGAMETISM 


The hypothesis of heterogametism offered (Cops and BarTLettT 1919) 
in explanation of these phenomena, assumes that two types of gametes 
occur in Oenothera pratincola, a gametes (usually female) and 6 gametes 
(usually male), the a gametes carrying some factors not represented in the 
8 gametes. Each zygote is formed by the union of an a and a @ gamete, 
and so gets (except in rare cases of metacliny) the a determiners of its 
pistillate parent and the @ determiners of its staminate parent. It, in 
turn, produces a (female) and 6 (male) gametes. In the case of a cross, 
the zygote is quite unaffected by the nature of the a of its staminate parent 
and the £ of its pistillate parent. 
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Besides its characteristic a or 8 part, each gamete carries a group of 
factors common to both a and 6 gametes. The characteristic a and 8 
portions of the gametes may consist of a single chromosome or of a group 
of chromosomes, but probably the latter, for very few characters have 
been found which are not connected with the a or 8 portions of the gametes. 
At reduction, a and 8 behave as units; that is, there is no interchange of 
factors or chromosomes between the characteristic a and 8 portions, each 
passing into the gametes (the a into the female, the 8 into the male) just 
as it entered the zygote from the parent. There is, however, the usual 
free segregation among the remainder of the chromosomes, each member of 
the homologous pairs accompanying with equal frequency the a and the 6 
portions. Thus factors entering a zygote in the characteristic a or B 
chromosome (or chromosomes) occur in the a or 8 gametes, respectively, 
which it produces; but those factors which entered the zygote in the remain- 
ing. freely segregating group of chromosomes, occur as frequently in the 
a as in the 8 gametes produced. Characters whose factors belong to the 
a or to the 8 portion are inherited matroclinically or patroclinically, respec- 
tively; those whose factors belong to homologous and freely segregating 
chromosomes common to both a and 8 gametes are inherited in a Men- 
delian manner. 

Mut. formosa arose from f. typica E by modification of a factor for flatness 
in the a portion of the a gamete, that is, by change of a factor which has no 
counterpart in the @ portion of the 8 gamete. Change being in the a 
(female) gamete only, inheritance in crosses between mut. formosa and f. 
typica E is therefore matroclinic. If mut. formosa is used as the pistillate 
parent the a gamete received by the progeny is the mutated a of mut. 
formosa (designated hereafter as a’), and the progeny is therefore mut. 
formosa; if f. typica is used as the pistillate parent the a gamete received 
by the progeny is the normal a gamete of Oenothera pratincola, and the 
progeny is f. typica. 

Strain C differs from strain E in having, in addition to the factor for 
flatness in the a portion of the a gamete, a freely segregating (Mendelian) 
factor for flatness (F) present in both a and 8 gametes, of which the reces- 
sive allelomorph (f) is carried by strain E. Thus the constitution of 
strain C is a8FF, and the gametes which it produces are aF (female) and 
BF (male). The constitution of strain E is aff, and the gametes which 
it produces are af (female) and ff (male). The constitution of mut. 
formosa is a’ Bff, and the gametes which it produces are a’f (female) and 
6f (male). Therefore strain C (a8FF) pollinated by mut. formosa (a’Bff) 
gives a flat-leaved progeny (a8Ff) which breeds true, for the a gamete 
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concerned in the cross is normal; but mut. formosa (a’Bff) pollinated by 
strain C (aSFF) gives a flat-leaved progeny (a’BFf) (flat-leaved, notwith- 
standing the mutated condition of a’, because of the presence of one Men- 
delian factor for flatness, inherited from the pistillate parent) which shows 
in the next generation a Mendelian segregation of flat-leaved plants (a’BFF 
and a’SFf) and revolute-leaved plants (a’8ff). Thea’ gamete concerned 
in the cross has lost the factor for flatness, and so those F, individuals 
that are recessive for the Mendelian factors for flatness show the revolute- 
ness determined by a’. This new synthetic f. typica (a’BFF or a’ BFf), 
differing in genetic composition from both f. typica C and f. typica E, carry- 
ing the factor for revoluteness masked by at least one of the Mendelian 
pair of factors for flatness, will be called f. typica M (homozygous or hete- 
rozygous, as the case may be). 

The hypothesis of the genetic constitution of the plants, and the results 
of crossing, may be stated in brief as follows: 


Strain C, aBFF, flat, and, with respect to this char- 
acter, immutable. 

Strain E, afff, flat, mutable. 

Mut. formosa, a’ Bff, revolute-leaved. 

Strain E X formosa, abff, flat, mutable. 

Formosa X strain E, a’Bff revolute, breeding true with respect to 
this character. 

Strain C X formosa, aBFf flat, segregating with respect to muta- 
bility. 


1 aBFF flat, immutable, breeding true. 

2 aBFf flat, continuing the segregation of the 
F, generation. 

1 a@ff flat, mutable, otherwise breeding true. 

Formosa X strain C, a’BFf flat, segregating with respect to revo- 
luteness. 

1 a’BFF flat, non-segregating. 

2 a’ BFf flat, continuing the segregation of the 
F; generation. 

1 a’Bff revolute, breeding true. 


(Strain C x formosa) F; 


(Formosa X strain C) F; 


EQUIVALENCE, WITHIN STRAIN C, OF POLLEN OF OENOTHERA PRATINCOLA 
F. TYPICA AND MUT. LATIFOLIA 


The former paper (Cops and BarTLetr 1919) gave data of the F, and 
F, generations of the cross mut. formosa E X mut. latifolia C. At the 
time the original crosses between mut. formosa and strain C were made, 
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the cross mut. formosa X f. typica C was unsuccessful. But the pollen of 
mut. latifolia had been shown to be equivalent to the pollen of the f. typica 
from which it arises (the mutation to /atifolia being concerned with the 
a gamete, the 8 gamete remaining as in f. ¢ypica), and therefore, in order 
to have a more complete series of crosses to work upon, the cross mut. 
formosa X mut. latifolia from strain C was used in place of the missing 
cross, mut. formosa X_.{. typica C. The substitution has been justified by 
later work, recorded in tables 5 and 6 of the present paper, which give anal- 
yses of the F; and F; generations of the cross mut. formosa X f. typica C. 
This cross was successfully made three years after the original crosses 
upon which much of the work recorded here is based. 

The F, generation (see table 5) consisted of 100 plants from six different 
crosses, all of them flat-leaved. The F, generation (see table 6) consisted 
of 3274 plants, 2399 flat-leaved and 875 revolute-leaved; that is, a ratio of 
2.74:1, in sufficiently good accord with the 3:1 of the Mendelian mono- 
hybrid ratio. The cross mut. formosa X mut. latifolia C, as recorded in 
the previous paper, gave in the F, generation 209 plants, all of them flat- 
leaved, and in the F, generation from normal f. typica plants of the Fi 
generation, 6392 plants, 4759 flat-leaved and 1633 revolute-leaved; that is, 
a ratio of 2.91:1. This shows that the results in the F, generation are the 
same whether mut. formosa is pollinated by f. typica C or by mut. latifolia 
C; and this, in connection with the previous evidence (Cops and BARTLETT 
1919) of the equivalence of the pollen from the two sources, gives ample 
justification for the substitution of f. typica M descended from mut. lati- 
folia instead of the identical form descended from f. typica C. 


THE Fs; AND F4 GENERATIONS OF THE CROSS MUT. FORMOSA FROM STRAIN E 
X MUT. LATIFOLIA FROM STRAIN C 


The F; and F, generations of the cross mut. formosa X mut. latifolia C 
show a continuance of the Mendelian behavior of the F; generation (CoBB 
and BARTLETT 1919). Self-pollination of normal f. ¢ypica plants of the F, 
generation gave in the F; generation (see table 2) 22 progenies consisting 
entirely of flat-leaved plants, showing the presence of homozygous dom- 
inants (a’BFF) in the F, generation, and 41 progenies in which there were 
both flat-leaved and revolute-leaved plants, showing the presence of 
heterozygous dominants (a’BFf) in the F, generation. The ratio 22 uni- 
form cultures to 41 segregating cultures very closely approximates the 
expected ratio of 1 homozygous dominant to 2 heterozygous dominants 
in the F, generation. In the segregating progenies of the F; generation 
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the ratio of flat-leaved to revolute-leaved plants is 3.08:1, in very close 
agreement with the expected 3:1 of the Mendelian monohybrid segregation. 

All progenies of fewer than 20 plants were omitted from table 2 as being 
unreliable. A very small culture of flat-leaved plants might, had it been 
larger, have included some revolute-leaved plants, and thus a heterozygous 
dominant of the F; generation might be recorded as homozygous. If these 
cultures were included in the table, the ratio of non-segregating to segre- 
gating progenies would become 33:56 instead of 22:41, and the ratio of 
flat-leaved' to revolute-leaved plants in the segregating progenies would 
become 2.94:1 instead of 3.08: 1. 

Self-pollination of 16 plants of f. typica M (a’BFF) belonging to the non- 
segregating cultures of the F; generation gave in the F, generation (see 
table 3) 1114 plants, all of them flat-leaved. From these plants an F; 
generation has been grown, consisting of 695 plants belonging to 7 prog- 
enies, no progeny consisting of fewer than 29 plants. All were flat-leaved. 
Self-pollination of 3 plants chosen at random among the f. éypica plants of 
the segregating cultures of the F; generation gave in the F, generation (see 
table 4) 2 segregating progenies and 1 non-segregating, showing a continu- 
ance of the Mendelian splitting to the fourth filial generation. It seems 
unnecessary to carry the line further. 

The behavior of the recessives, mut. formosa (a’Bff), of the F, generation 
of the cross mut. formosa X mut. latifolia C. was also in accord with expec- 
tation. The F; generation consisted of 69 plants belonging to progenies 
of 4 mut. formosa plants of the F; generation. All were revolute-leaved, 
and the 62 grown to maturity all proved to be mut. formosa. Also, 2388 
plants belonging to the F; progenies from mut. formosa plants of the F; 
generation, of the cross mut. formosa X CD hyb. viscida were all revolute- 
leaved. Hyb. viscida is the form resulting from the cross Oenothera_pratin- 
cola {. typica C X Oenothera numismatica (BARTLETT 1915 a). It is like 
f. typica C in all respects, except that, in addition to the pubescence nor- 
mally occurring on the flowers of Oenothera pratincola, it has the viscid 
pubescence of Oenothera numismatica. 


THE F; AND F; GENERATIONS OF THE CROSS F. TYPICA, STRAIN C X MUT. 
FORMOSA, STRAIN E 


The Mendelian behavior following the cross mut. formosa X strain C 
has been demonstrated at length. The reciprocal cross, f. typica C X 
mut. formosa (aBFF X a’'Bff), is just as Mendelian in its segregation of the 
free factors for flatness, but the Mendelian segregation of factors finds no 
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chance to express itself in the zygote because of the ever-present a factor 
for flatness inherited from the pistillate parent. The only way for a revo- 
lute-leaved plant to occur in the F, or following generations of the cross is 
by an independent mutation from a to a’ in the presence of the recessive 
condition of the Mendelian factors for flatness. Only one-fourth of the 
plants of the F; generation, those with the constitution aff, are capable 
of becoming revolute-leaved by mutation. Apparently there is nothing 
to hinder mutation from a@ to a’ in strain C. But in pure strain C the 
change would not be indicated by outward sign, for the strain is homo- 
zygous for the Mendelian factors for flatness. That this change does 
sometimes occur is shown by the few revolute-leaved plants which occur 
in the F, generation of the cross f. typica C X mut. formosa (see table 8, 
and Coss and BarTLett 1919, table 6). In table 8 there are 26 revolute- 
leaved plants in a total of 1654, or 16 per 1000. If the mutation to a’ 
should take place in a plant of the F, generation (a8Ff), a 3:1 ratio would 
occur in the F, generation. In the hope that this may sometime happen 
in the experiment garden, the cross f. typica C X mut. formosa has been 
repeated many times, and F; and F; progenies are being grown. 


THE F; AND Fz GENERATIONS OF THE CROSS MUT. FORMOSA STRAIN E X F. 
TYPICA STRAIN E 


In the cross mut. formosa X f{. typica E (a’Bff X aBff) the mechanism 
for Mendelian inheritance operates just as certainly as in the correspond- 
ing cross with f. typica C, but the two parents happen to be alike in the 
Mendelian factors under consideration, both being pure recessives, so the 
only type of inheritance which manifests itself is matrocliny, depending on 
the difference in factorial composition of the characteristic portions of the 
a and 8 gametes. This cross has been repeated successfully nine times, 
giving 305 plants in the F; generation (see table 9) and 628 plants, from 
four plants of the F; generation, in the F;, generation (see table 10). All 
of the plants of both generations were revolute-leaved. The inheritance 
here is matroclinic, in contrast with the Mendelian inheritance in the cor- 
responding cross with strain C. 

The reciprocal cross, f. typica E X mut. formosa (aBff X a’Bff), has not 
been successfully repeated since the publication (Cops and BARTLETT 
1919) of the fact that this cross is also matroclinic, the number of revolute- 
leaved plants occurring in the progeny being no greater than might be 
expected from self-pollination of f. ¢ypica plants of strain E, the strain 
which regularly produces some revolute-leaved plants in every generation. 
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THE F; AND Fe GENERATIONS OF VARIOUS CROSSES BETWEEN F. TYPICA M 
(THE NEW, MENDELIAN STRAIN) AND F. TYPICA OF STRAIN C, 
F. TYPICA OF STRAIN E, AND MUT. FORMOSA 


The data recorded in this paper concerning the F, and F; generations 
of crosses of eighteen different kinds between f. typica M (the new Men- 
delian strain from the cross mut. formosa X strain C) as one parent, and 
f. typica C, f. typica E, or mut. formosa, as the other parent, confirm the 
hypotheses of non-equivalent gametes and the presence of a pair of inde- 
pendent Mendelian factors in Oenothera pratincola. 

All f. typica M plants used in the crosses were self-pollinated to deter- 
mine whether they were homozygous or heterozygous. 

All of the flat-leaved types other than f. ¢ypica which occurred in the 
progenies of crosses are mutations regularly thrown by f. typica C, and 
some of them by f. typica E also. All of the revolute-leaved types which 
occurred, are regularly thrown by f. ¢ypica E and by mut. formosa. 

The cross mut. formosa X f. typica M (homozygous) (a’Sff X a’BFF) 
gave in the F; generation (see table 11) only flat-leaved plants (a’8Ff), 
and in the F, generation (see table 12) a segregation of 3 flat-leaved plants 
(a’BFF and a’BFf) to 1 revolute-leaved plant (a’Bff). 

The reciprocal cross, f. typica M (homozygous) X mut. formosa (a'BFF 
x a’Bff), gave the same results (see tables 13 and 14). 

The cross mut. formosa X f. typica M (heterozygous) (a’Bff X a’BFf) 
gave in the F, generation (see table 15) progenies consisting of flat-leaved 
plants (a’8Ff) and revolute-leaved plants (a’Sff) in approximately equal 
numbers, and in the F, generation from flat-leaved plants (see table 16) a 
segregation of 3 flat-leaved plants (a’8FF and a’BFf) to 1 revolute-leaved 
plant («’aff). 

The reciprocal cross, f. typica M (heterozygous) X mut. formosa (a’BFf 
xX a’Bff) gave the same results (see tables 17 and 18). 

The cross f. typica E X f. typica M (homozygous) (afff X a’BFF) gave 
in both the F; and the F, generations (see tables 19 and 20) only flat-leaved 
plants. It is known that the a of strain E frequently mutates to a’, and a 
few revolute-leaved plants would therefore be expected in the F: progenies, 
by a combination of a’ and the recessive Mendelian factors. One-fourth 
of the plants of the F, generation, those with the constitution afff, would 
be expected to become revolute-leaved by mutation with the frequency 
of mutation in pure strain E. But this did not occur. The only explana- 
tion that can be suggested is that because the germination percentage was 
much higher than was expected, the seedlings were very much crowded in 
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the seed-pans, and possibly revolute-leaved plants, which do not hold their 
own in a dense stand, died before the seedlings were counted off. This, 
however, does not seem likely, and the matter will be further investigated. 

The reciprocal cross, f. typica M (homozygous) &X f. typica E (a’BFF X 
aBff), gave in the F, generation (see table 21) only flat-leaved plants 
(a’BFf) and in the F, generation (see table 22) a segregation of 3 flat-leaved 
plants (a’BFF and a’BFf) to 1 revolute-leaved plant (a’@ff). 

The cross f. typica M (heterozygous) X f. typica E (a’BFf X aff) gave 
in the F; generation (see table 23) flat-leaved plants (a’BFf) and revolute- 
leaved plants (a’8ff) in about equal numbers, and in the F, generation 
from flat-leaved plants (see table 24) a segregation of 3 flat-leaved plants 
(e’BFF and a’BFf) to 1 revolute-leaved plant (a’8ff). 

The reciprocal cross is missing from the series. 

The cross f. typica M (homozygous) X f. typica C (a’/BFF X a®FF) 
gave in both the F; and F, generations (see tables 25 and 26) only flat- 
leaved plants (a’8FF in both generations). 

The reciprocal cross is missing from the series. 

The cross f. typica M (heterozygous) xX f. typica C (a’BFf X aBFF) 
gave in the F; generation (see table 27) only flat-leaved plants (a’/BFF 
and a’BFf) and in the F, generation (see table 28) 11 progenies consisting 
entirely of flat-leaved plants (a’8FF) and 7 progenies showing a segrega- 
tion of 3 flat-leaved plants (a’8FF and a’8Ff) to 1 revolute-leaved plant 
(a’Bff). The ratio 11:7 does not approach as closely as would be expected 
the ratio of one dominant factor to one recessive factor in the gametes of 
the heterozygous pistillate parent of the cross. In this table there seems 
to be a shortage both of segregating progenies and of revolute-leaved plants 
in the segregating progenies, indicating that the pistillate parent and its 
progeny produce either fewer or weaker gametes bearing the recessive 
factor. 

The reciprocal cross is missing from the series. 

A summary of tables 5 to 28, inclusive, is given as table 29. 


VARIOUS PEDIGREES OF PLANTS USED IN CROSSES 


A record of the parentage of all of the plants used in this work is given 
as table 1. All plants not otherwise designated were f. typica. 

It may be noticed that, though different strains of Oenothera pratincola 
behave differently as to the mutations that they throw when self-pollinated, 
and in the way that they behave in crosses, all f. ¢ypica plants within a 
strain, no matter how complicated, by crossing or mutation, their pedi- 
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grees may be, act in the same way. For instance, an f. ¢ypica from mut. 
grisella from f. typica C behaves exactly as f. typica C with no mutations 
in its direct ancestry, at least during the period in which the strain has 
been carried in the garden. 

It may also be noted that all plants of mut. formosa appear the same 
and behave the same genetically regardless of extraction. Those used in 
crosses were of five different types of extraction: (1) directly from f. typica 
E, by self-pollination; (2) from f. typica E, first by mutation to angusti- 
folia, then to mut. nitidissima and finally to mut. formosa, all by self- 
pollination; (3) from the cross mut. formosa X {. typica E, by matroclinic 
inheritance; (4) from the cross mut. formosa X strain C, by segregation; 
(5) from crosses with both strain C and strain E, by segregation and matro- 
clinic inheritance, e.g., ( (mut. formosa X mut. latifolia C)—mut. formosa 
xX f. typica E)—mut. formosa. 

In many thousand offspring, mut. formosa has produced nothing but 
revolute-leaved plants. 


DISCUSSION 


It may seem to those who are used to working with organisms in which 
clear Mendelian inheritance is the usual thing, that this case in Oenothera 
pratincola has been worked out with unnecessary elaboration. But several 
considerations should be borne in mind: first, that evident Mendelian 
inheritance is so rare in Oenothera that only two indisputable cases have 
been recorded, that of mut. brevistylis (DE Vries 1901, p. 223; 1903, pp. 
151-179, 429) and that of the dwarf mutation from mut. gigas (DE VRIES 
1915 b) and that all instances deserve therefore to be thoroughly examined; 
second, that in this case the Mendelian inheritance is apparently modified 
by inheritance of another kind, working simultaneously with and- inde- 
pendently of the Mendelian inheritance; and third, that the hypothesis of 
heterogametism put forth to explain this other type of inheritance needs 
further testing. 

If the explanations offered here are correct, we have, in addition to 
Mendelian inheritance masked by heterogametism, mutation masked by 
Mendelian factors. That the a of strain C can undergo mutation to.a’ is 
shown by the presence of a few revolute-leaved plants in the F; generation 
of the cross f. typica C X mut. formosa. These plants derive their a from 
strain C, but have the dominant Mendelian factors which are present in 
strain C replaced by their recessive allelomorphs (see table 8). There 
seems no reason to doubt that this mutation in a occurs just as frequently 
in the presence of the Mendelian factors for flatness (i.e., in pure strain C) 
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as in their absence. If such is the case, Mendelian factors hide the muta- 
tion until a suitable cross occurs to remove the factors. This may have 
some bearing on the question whether crossing induces mutation; it may 
be that crossing merely makes possible an external expression, by removing 
conceaJing Mendelian factors, of changes which occurred long since in the 
germ-plasm and have been passed on from generation to generation giving 
no visible sign of their presence. In the same way a single mutation, the 
loss of one concealing factor, in a single chromosome, might bring to light 
a whole series of new forms. (The several revolute-leaved types that have 
occurred in the experiment garden can all be permanently concealed by the 
single pair of Mendelian factors for flatness.) This may explain in part 
the apparent periodicity of mutability. Perhaps the organism does not 
have increased tendency to change, but hoards actual changes until chance 
brings them to light, “gruppenweise,” by the removal of inhibiting factors 
through a mutation. 

Though the condition of the Mendelian factors in Oenothera pratincola 
strains other than strains C and E has not been investigated, it seems 
probable, since they have given no revolute-leaved plants, that the other 
six strains are homozygous with regard to the factor for flatness. If strain 
E is the only one of the eight strains carrying the recessive factors, it might 
seem likely that it arose from one of the other strains by loss of a dominant 
factor, and consequent Mendelian segregation, rather than that the reverse 
change took place, were it not for the fact that strain E has produced .in 
the experiment garden a mutation (mut. nitidissima) which, as shown by 
its behavior in crosses with mut. formosa, is a homozygous dominant in 
regard to the Mendelian factors for flatness. Whether both dominant 
factors were present in the original plant of mut. nitidissima and its F, 
generation is a question which cannot be answered, but it is clear that they 
are now present in the strain as it is carried on in the garden. 

That a pure dominant strain might arise from a pure recessive strain, 
or the reverse, leaving no heterozygous plants to tell the tale, seems pos- 
sible, for the heterozygotes, as they appear in the experiment garden, tend 
to have poor and irregular leaf development as young rosettes, and might 
easily be eliminated by natural selection. The modification of a factor 
for flatness in a single chromosome of a homozygous dominant, or the 
reverse modification in a homozygous recessive, would then be the only 
change in the germ-plasm necessary to produce one homozygous strain 
from the other. 

Some explanation should be made of the unusually low germination per- 
centages occurring in the cultures recorded in this investigation. As the 
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character flatness vs. revoluteness is one which is evident in even very 
young seedlings, many sowings were made merely for the sake of recording 
the nature of the seedlings, and the seedlings were then discarded. In 
order to give all possible space and attention to the cultures intended for 
the summer garden at the time which is most favorable for planting, the 
sowings for seedling counts were made early and got out of the way. This 
meant that the seeds did not nave as long a rest period as they apparently 
need before germination. Had they been planted a month or two later 
(in February and March instead of December and January) the percent- 
ages of germination would have been very much higher. 

In problems connected with comparative fertility and sterility it is 
of course quite necessary to know that all viable seeds are forced to ger- 
minate. The method worked out by DE Vries (1915 a) and applied by 
Davis (1915) for forcing germination to completion, is especially suited 
to such problems. It will also throw light on the types that may be lost 
through selective mortality and selective germination rate when less 
thorough methods are used. This information is most valuable. But 
that the low germination percentage has no significant effect on the results 
of the experiments recorded here is shown by table 30. Here the ratios 
of flat-leaved to revolute-leaved plants are assembled from all of those 
cultures in which the expected ratio is 3:1, and arranged according to the 
germination percentage. It will be seen that three-fourths of the cultures 
have a germination percentage under 25 percent. But it may also be 
seen that the average of the ratios of cultures in which the germination is 
from 50 to 81 percent is no nearer the expected 3:1 ratio tnan are the 
averages from cultures with poorer germination. Even when less than 5 
percent of the seeds germinated, the average is as close to the theoretical 
ratio as is that of any one of the five cultures with a germination over 50 
percent, or as the average of these five cultures. 

That selective germination, in connection with the types with which this 
problem is concerned, occurs to’ any significant extent seems impossible. 
The only evidence of such selection is a slight excess of revolute-leaved 
individuals, especially noticeable when the germination is poorer. There 
are four tables which show in the total an excess of flat-leaved plants, ten 
which show an excess of revolute-leaved plants. In work with this species 
it has been noticed that when the percentage of germination is very low 
the percentage of mutations is very high (BARTLETT 1915a). General 
observations lead to the conclusion that poor germination tends to bring 
the unusual types into prominence rather than to conceal them. 
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This paper records the case of a single unit character of the zygote, 
revoluteness, determined by a complicated set of phenomena: an allelo- 
morphic pair of factors (F and f), the dominance and recessiveness of 
which produce no effect on the zygote except when the particular muta- 
tional change from a to a’ has taken place; a mutation (a to a’) occurring 
repeatedly, but concealed, as long as self-pollination continues, by the 
Mendelian factors FF, and Mendelian segregation concealed by matro- 
clinic inheritance dependent on heterogametism (a and 6 gametes). It is 
hoped that the case may help to throw light upon the seemingly peculiar 
behavior of the Oenotheras. 


SUMMARY 


1. The male and female gametes of Oenothera pratincola are not alike. 
Each zygote is formed by the union of an a (female) gamete and a 8 (male) 
gamete (except in rare cases which it is needless to mention here) and has 
the constitution a8. It, in turn, produces a (female) and 8 (male) gametes. 

2. The a (female) gametes may undergo such mutation that, unless 
certain factors for flatness are present, the resulting plants are revolute- 
leaved. Such mutated gametes are designated a’. 

3. The 8 (male) gametes have no such possibility of producing revolute- 
leaved plants. 

4. Strain C carries in both male and female gametes, but not in the 
characteristic a and 8 portions of the gametes, a freely segregating factor 
for flatness (F), in the presence of which revoluteness can not occur, even 
though the mutation to a’ has occurred. The constitution of f. typica 
strain C is aBFF. 

5. Strain E does not carry in either male or female gametes the inde- 
pendent factor for flatness which occurs in strain C, but its allelomorph 
(f). The constitution of f. typica strain E is aff. 

6. Mut. formosa, a revolute-leaved mutation thrown by strain E, differs 
from f. ¢ypica strain E in that it contains a mutated a (a’). The constitu- 
tion of mut. formosa is a’ Bff. 

7. There are two types of inheritance going on simultaneously and 
independently in Oenothera pratincola, matroclinic inheritance, connected 
with certain constant differences in factorial composition between male 
and female gametes, and Mendelian inheritance, connected with an inde- 
pendent segregation of factors carried by both gametes. 

8. The cross mut. formosa X strain C (a’Bff X aBFF) produces only 
flat-leaved plants in the F, generation; in the F; generation there occurs 
a Mendelian segregation in the ratio of 3 flat-leaved plants to 1 revolute 
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leaved plant. This segregation has been followed to the F, generation. 
The f. typica plants descended from this cross have the constitution a’8FF 
or a’BFf, and are called f. typica M (homozygous) and f. typica M (hete- 
rozygous), respectively. 

9. The reciprocal cross, strain C < mut. formosa (aBFF X a’Bff) also 
gives only flat-leaved plants in the F, generation; but in the F, generation 
there is no Mendelian segregation, though there occurs by mutation a 
small percentage (1.6 percent) of revolute-leaved plants. In this cross 
the inheritance appears to be matroclinic. 

10. In reciprocal crosses between mut. formosa (a’Bff) and f. typica E 
(a6ff) the inheritance is purely matroclinic, as the two parents are alike in 
regard to the Mendelian factors for flatness. 

11. The results, recorded in the tables of this paper, of various crosses 
between f. typica M and f. typica C, f. typica E and mut. formosa are all such 
as to favor the hypotheses of heterogametism and the presence of a pair 
of Mendelian factors for flatness in Oenothera pratincola. All the results 
obtained could be correctly predicted on the assumption that: 


f. typica C aBFF 
f. typica E aff 


mut. formosa = a’ Bff 


12. The a of strain C may become mutated to a’, but in pure strain C 
this change can find no expression, because of the Mendelian factors for 
flatness for which this strain is homozygous. That the change does some- 
times occur here, as in strain E, is shown by the occurrence of a few revo- 
lute-leaved plants in the otherwise uniformly flat-leaved F, generation of 
the cross f. typica C X mut. formosa, plants in which the a portion of the 
constitution came from strain C and in which the Mendelian factors for 
flatness are replaced by their recessive allelomorphs from strain E. 

13. The difference, with regard to Mendelian factors, between strains 
C and E is paralleled by the difference, with regard to the same factors, 
between mut. nitidissima, a type which has arisen in the experiment 
garden, and strain E from which it arose. Strain E is recessive; mut. 
nitidissima is a homozygous dominant. Evidently a homozygous dom- 
inant strain can arise from a homozygous recessive strain; the reverse proc- 
ess has not as yet been known to take place in the garden. 

14. It is concluded that mutation may be masked by Mendelian factors, 
and that the apparent induction of mutation by hybridization may be 
merely the first appearance of changes which occurred in the past and 
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were carried on unseen until their appearance in the zygote was made 
possible by the removal, through hybridization, of inhibiting Mendelian 
factors. 
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APPENDIX—TABLES 
Explanations applying to all of the tables 


In table 1, all plants not otherwise designated were f. typica. 

F. typica M is the synthetic, Mendelian strain of Oenothera pratincola which 
arises from the cross mut. formosa X f. typica C (or other form with equivalent 
pollen). 

The numbers in columns headed “Key number” refer to corresponding 
numbers in table 1. The numbers in columns headed “Parent plant” are the 
numbers of the individual plants in the progenies resulting from the crosses or 
self-pollinations recorded in table 1. 

* indicates that the seeds sown were from a single capsule. 

t+ indicates that seeds from two or more capsules were sown together. 

All of the flat-leaved types mentioned in analyses of cultures are regularly 
thrown by self-pollinated f. typica C, and some of them also by f. typica E. 
All of the revolute-leaved types mentioned are regularly thrown by f. typica E 
and by mut. formosa. 

Types other than f. ¢typica, mut. latifolia, and mut. formosa mentioned in the 
following tables are: 

Mut. albicans (BARTLETT 1915 b, page 449). 

Mut. angustifolia (BARTLETT 1915 b, page 438). 

Mut. dimorpha, an undescribed mutation. 

Mut. ericacea, an undescribed mutation. 

Mut. failax, an undescribed mutation, as a seedling very much like mut. 

nummularia, and thrown by the same strains. 
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Mut. gigas (BARTLETT 1915 b, page 443). 

Mut. grisea, an undescribed mutation. 

Mut. grisella, an undescribed mutation. 

Mut. nitidissima (BARTLETT 1915 b, page 440, table IV). 

Mut. nummularia, a mutation commonly thrown by strain C but never by 
pure strain E. (BArtiett 1915 a, page 97; Cops and Barttett 1919.) 

Mut. revoluta (BARTLETT 1915 b, page 450). 

Mut. sefacea (BARTLETT 1915 b, page 450). ‘ 

Mut. sub-latifolia, an undescribed mutation. 

Hyb. viscida, a hybrid of Oenothera pratincola X Oe¢nothera numismatica 
(BARTLETT 1915 a, page 86). This form is like Oe. pratincola f. typica 
with the addition of the viscid pubescence of Oe. numismatica. 


TABLE 1 


Record of the parentage of all of the progenies recorded in the following tables with key numbers. 
All plants not otherwise designated are f. typica 





12 E - 5 - 199 formosa — 28 formosa) 
Xx + 
C - 22 - 13 latifolia — 87 latifolia 


2 E-5 — 199 formosa — 28 formosa) 
x > 190 
C - 22 - 13 Jatifolia - 87 latifolia} 


3 E-‘S5 — 199 formosa — 28 formosa 
x 162 
C - 22 - 13 latifolia — 87 latifolia 


4 E-5 - 199 formosa — 28 formosa 
x 162 — 164 formosa 
C - 22 - 13 latifolia — 87 latifolia x 
C - 52 - 6 grisella* — 31 grisella - 73 - 3 
(= 3 No. 164 formosa X f.typica C) 


5 E -5 — 199 formosa - 28 formosa 
x 162 - 153 formosa) 
C - 22 - 13 latifolia - 87 latifolia x 
C - 52 - 6 grisella — 31 grisella - 73 - 3 
(= 3 No. 153 formosa X f.typica C) 


6 E-5 — 199 formosa — 28 formosa 
x 162 — 30 formosa 
C - 22 - 13 latifolia — 87 latifolia x 
C - 52 - 6 grisella - 31 grisella - 73 - 3 
(= 3 No. 30 formosa X f.typica C) 





2 These numbers are designated “key numbers”’ in subsequent tables. 
3 An undescribed mutation. 














TABLE 1 (continued) 





10 


11 


12 


13 


14 


E - 5 - 199 formosa — 28 formosa) 
x } 162 — 138 formosa) 
C - 22 - 13 latifolia - 87 latifolia) x 
C - 52 - 6 grisella - 31 grisella - 73 - 3 
(= 3 No. 138 formosa X f.typica C) 


E -— 5 -— 199 formosa — 58 formosa — 15 formosa) 
x 
C - 52 - 6 grisella - 25 - 1 - 41 


E - 5 — 199 formosa — 28 formosa 
x 162 — 164 formosa 
C = 22 — 13 latifolia — 87 latifolia x 2 formosa\ 
E - 43 - 89-5 - 19 x 
C-22-7-40-5-9-2) 
(= 23 No.2 formosa X f.typica C) 


sh ligne Pe at ely 
E -— 5 — 199 formosa - 58 formosa - 15 formosa x 
x 63 formosa} 
E - 43 -89-5-1 
(= f.typica C X 25 No. 63 formosa) 


Saas Dents - be oe 
E - 5 -— 199 formosa -— 58 formosa — 14 formosa x 
x 27 formosa} 
E - 43 - 89-5-1 
(= f. typica C X 25 No. 27 formosa) 


C-22-7-40-5-9-1 
Xx 27 formosa 
E - 5 - 199 formosa - 28 formosa - 62 formosa 


C-22-7-40-5-9-1 
E - 5 - 199 formosa - 28 formosa) 


x 162 — 164 formosa) m 
C = 22 - 13 latifolia - 87 latifolia x 16 formosa 
E - 43 - 89-5 - 19 


(= f.typica C X 23 No. 16 formosa) 


= r= 18 fom) | 

E - 5 — 199 formosa — 58 formosa - 15 formosa x 

Xx 63 formosa 
E - 43-89-5-1 

(= f.typica C X 25 No. 63 formosa) 


C-22-7-40-5-9-2) 
E - 5 — 199 formosa - 58 formosa - 15 formosa x 
x 63 act 
E - 43 -89-5-1 
= f.typica C X 25 No. 63 formosa) 
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TABLE 1 (continued) 





20 


21 


22 


23 


24 


C-22-7-40-5-9+2 
E -— 5 - 199 formosa — 28 formosa 


x 162 — 164 formosa “ 
C - 22 - 13 latifolia - 87 latifolia x 3 formosa} 
E - 43 - 89-5 - 19 
(= f.typica C X 23 No.3 formosa) 
E -— 5 — 199 formosa — 58 formosa — 35 formosa . 


x 
E - 43 - 89 - 5 - 19 


E — 5 — 199 formosa — 28 formosa 
xX 162 - 153 formosa) 
C - 22 - 13 latifolia — 87 latifolia x 
E - 43 -72-5-6 
(= 3 No. 153 formosa X f.typica E) 


E - 5 - 199 formosa — 28 formosa\ 
Xx j 162 - 138 formosa) 
C - 22 - 13 latifolia — 87 latifolia x 
E - 43 -72-5-6 
(= 3 No. 138 formosa X f. typica E) 


E - 5 — 199 formosa — 28 formosa 
x 162 — 164 formosa 
C - 22 - 13 latifolia — 87 latifolia x 
E - 43 -72-5-6 
(= 3 No. 164 formosa X f. typica E) 


E -— 5 -— 199 formosa — 28 formosa 
x 162 — 30 formosa 
C - 22 - 13 latifolia — 87 latifolia x 
E - 43 - 89-5-1 
(=.3 No. 30 formosa X f.typica E) 


E — 5 -— 199 formosa — 58 formosa — 14 formosa 
x 
E - 43 - 89-5-1 


E - 5 — 199 formosa -— 28 or 
x 162 — 164 formosa 
C - 22 - 13 latifolia — 87 latifolia) x 
E - 43 - 89 - 5 - 19 
(= 3 No. 164 formosa X f.typica E) 


E - 5 - 199 formosa — 28 formosa 
x 4 — 22 formosa 

C - 22 - 13 latifolia - 87 latifolia x 
E - 43 - 89 - 5 - 19 
(= 1 No. 22 formosa X f.typica E) 
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TABLE 1 (continued) 





25 E — 5 — 199 formosa — 58 formosa — 15 formosa 
x 
E - 43 - 89 -5-1 


26 E - 5 — 199 formosa — 28 formosa) 

x | 162 — 138 formosa) 
C - 22 - 13 latifolia - 87 latifolia x $ 21 formosa 
E - 43-72-5-6] - 

E -— 5 - 199 formosa — 28 formosa 
XxX 190 - 4 - 16 

C - 22 - 13 latifolia — 87 latifolia 

(= 19 No. 21 formosa X 2 No.4 — 16 f.typica M (homozygous)) 


x 162 - 138 formosa) 
C - 22 - 13 latifolia — 87 latifolia x 14 formosa 
E - 43 - 72-5-6 x 
E - 5 — 199 formosa - 28 formosa) 
x } 190 - 4 - asf 
C - 22 - 13 latifolia * 87 latifolia} 
(= 19 No. 14 formosa X 2 No.4 — 21 f. typica M (homozygous)) 


27 E - 5 — 199 formosa — 28 3 


28 E — 5 - 199 formosa - 28 formosa 
Xx 162 — 153 formosa 
C - 22 - 13 latifolia - 87 latifolia Xx 8 formosa 
E - 43 - 72-5-6 x 
E — 5 -—-199 formosa — 28 formosa 
x 190 - 4-1 
C - 22 - 13 latifolia — 87 latifolia 
(= 18 No.8 formosa X 2 No.4 - 1 f. typica M (homozygous)) 


29 E - 5 - 199 formosa — 28 formosa) 
x | 162 — 153 formosa 
C - 22 - 13 latifolia - 87 latifolia x 10 formosa 
E - 43 -72-5-6 x 
E - 5 - 199 formosa -— 28 formosa 
x 190 - 4 - 10 
C - 22 - 13 latifolia — 87 latifolia 
(= 18 No. 10 formosa X 2 No.4 - 10 f.typica M (homozygous)) 


30 E - 5 - 199 formosa — 58 formosa — 15 formosa) 
x } 69 formosa 
E - 43 - 89- 5-1) x 
E - 5 - 199 formosa - 28 formosa 
x 190 - 4 - 16 
C - 22 - 13 latifolia — 87 latifolia 
(= 25 No. 69 formosa X 2 No.4 - 16 f.typica M (homozygous)) 
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31 


32 


33 


34 


35 








FRIEDA COBB 


TABLE 1 (continued) 








E - 5 -— 199 formosa — 28 formosa) 
x } 4 — 164b) 
C - 22 - 13 latifolia - 87 latifolia} xX 2 formosa) 
E - 43 -89-5-1 x 
E - 5 - 199 formosa — 28 formosa 
x 190 - 54 - 6 
C - 22 - 13 latifolia - 87 latifolia 
(= 55 No.2 formosa X 2 No. 54 — 6 f. typica M (homozygous)) * 


E - 5 -— 199 formosa — 28 aa 
x 190 - 54 - 3) 
C - 22 - 13 latifolia - 87 latifolia} | 
E - 5 - 199 formosa — 28 formosa) 4 \ 
x 4 — 164b) | 
C - 22 - 13 latifolia — 87 latifolia x { 1 formosa 
E - 43 - 89 -5-1 


(= 2 No. 54 - 3 f.typica M (homozygous) X 55 No. 1 formosa) 


E - 5 -— 199 formosa — 28 formosa) 


x 190 - 54 - 6) 
C - 22 - 13 latifolia - 87 latifolia | 

E - 5 - 199 formosa — 28 formosa) x 
x + 4 - 164b] | 


C - 22 — 13 latifolia — 87 latifolia} xX} 1 formosa} 
E - 43 - 89-5 - 1) 
(= 2 No. 54 - 6 f. typica M (homozygous) X 55 No. 1 formosa) 


E - 5 - 199 formosa — 28 formosa) 


x 190- 4-6 
C - 22 - 13 latifolia — 87 latifolia 
E - 5 — 199 formosa — 28 formosa) x 
x 4 - 22 formosa) 
C - 22 - 13 latifolia — 87 latifolia 


x 13 formosa 
E - 43 - 89-5 - 19 
(= 2 No.4 —- 6 f.typica M (homozygous) X 24 No. 13 formosa) 


E - 5 - 199 formosa - 28 formosa) 


x 190 - 4 - 10 
C - 22 - 13 latifolia - 87 —s | 
E - 5 -— 199 formosa - 28 formosa) x 
x 162 - 153 formosa) | 
C - 22 - 13 latifolia — 87 aisle 


x 10 formosa) 
E - 43 -72-5-6 
(= 2 No. 4 - 10 f. typica M (homozygous) X 18 No. 10 formosa) 
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36 





37 


38 


39 


41 


E - 5 - 199 formosa — 28 formosa) 
x | 190 - 4 - 15) 
C - 22 - 13 latifolia - 87 latifolia 
E - 5 - 199 formosa - 28 formosa) x 
ro 162 - 153 formosa) 
C - 22 - 13 latifolia — 87 latifolia} x + 10 formosa 


E - 43-72-5- 6) 
(= 2 No.4 — 15 f.typica M (homozygous) X 18 No. 10 formosa) 


E - 5 — 199 formosa - 28 formosa) 
Xx 1909 -4-2 
C - 22 - 13 latifolia - 87 wie 
E - 5 - 199 formosa — 28 formosa) x 
x 162 - 153 formosa) 
C - 22 - 13 latifolia - 87 latifolia} x 10 formosa] 
Ct eee 


(= 2 No.4 - 2 f.typica M (homozygous) X 18 No. 10 formosa) 


E -— 5 — 199 formosa — 28 formosa) 
x 190 - 4 - 21 
C - 22 - 13 latifolia - 87 iat 
E - 5 -— 199 formosa — 28 formosa) x 
x + 162 - 153 formosa) 
C - 22 - 13 latifolia — 87 latifolia} x 10 formosa 
E - 43 -72-5-6 
(= 2 No.4 - 21 f.typica M (homozygous) X 18 No. 10 formosa) 
E - 5 - 199 formosa - 28 formosa) 
x 4-176-1 
C - 22 - 13 latifolia - 87 pees 
E - 5 - 199 formosa -— 28 formosa) x 
x } 162 — 30 formosa 
C - 22 - 13 latifolia - 87 latifolia} x 9 formosa 
E - 43 -89-5-1 
(= 1 No. 176 - 1 f.typica M (homozygous) X 21 No.9 formosa) 
E - 5 - 199 formosa — 28 formosa) 
x | 4 - 176 - " 
C - 22 - 13 latifolia — 87 latifolia 
E - 5 — 199 formosa — 28 formosa) x 
x S 162 - 30 formosa) 
C - 22 - 13 latifolia — 87 latifolia} x $ 9 formosa 
E - 43 - 89- 5-1) 
(= 1 No. 176 —- 13 f. typica M (homozygous) X 21 No.9 formosa) 
E - 5 - 199 formosa — 28 formosa - 31 formosa) 


E - 5 — 199 formosa — 28 formosa) xX 
x 4 - 62) 
C - 22 - 13 latifolia — 87 latifolia) 
(= formosa X 1 No. 62 f.typica M (heterozygous)) 
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43 


45 


47 





FRIEDA COBB 


TABLE 1 (continued) 





E - 5 - 199 formosa — 58 formosa — 15 formosa) 








x 68 ig | 
E - 43 - 89-5-1 x 
E - 5 - 199 formosa - 58 formosa - 44 formosa 
x 6 viscida 
CD - 9 viscidat — 26 viscida -— 11 viscida — 24 viscida 
= 25 No. 68 formosa X viscida M (heterozygous)) 
E - 5 - 199 formosa — 58 formosa — 15 formosa 
x 68 formosa 
E.- 43 - 89 -5-1 
E - 5 - 199 formosa — 58 formosa — 12 formosa x 
x 1 viscida 


CD - 9 viscida — 26 viscida - 11 viscida — 24 viscida 
(= 25 No. 68 formosa X viscida M (heterozygous)) 


E - 5 - 199 formosa — 28 formosa 
x 4 - 165 
C - 22 - 13 latifolia — 87 latifolia} X 
E - 5 - 199 formosa — 28 formosa — 62 formosa 
(= 1 No. 165 f. typica M (heterozygous) X formosa) 


E - 5 - 199 formosa — 28 formosa 
x 4 - 164b 
C - 22 - 13 latifolia — 87 latifolia} xX 
E - 5 - 199 formosa — 28 formosa — 31 formosa 
(= 1 No. 164b f. typica M (heterozygous) X formosa) 


E - 5 — 199 formosa — 28 formosa 


x 4 - 163b 
C - 22 — 13 latifolia — 87 latifolia x 
E - 5 - 199 formosa - 28 formosa 
x 4 — 33 formosa 
C - 22 - 13 latifolia - 87 latifolia 
(= 1 No. 163b f. typica M (heterozygous) X 1 No. 33 formosa) 


E - 43 -89-5-1-2 
E - 5 — 199 formosa — 28 formosa x 
x 190 - 4-2 


C - 22 - 13 latifolia — 87 latifolia 
(= f.typica E X 2 No.4 - 2 f. typica M (homozygous)) 


E - 5 - 199 formosa — 28 formosa 
x 4-64-9 
C - 22 - 13 latifolia — 87 latifolia x 
E - 43 - 74-41-45-2 
(= 1 No. 64 - 9 f. typica M (homozygous) X f. typica E) 





‘A hybrid of Oenothera pratincola X Oc. numismatica (BARTLETT 1915a, p. 86). This form 
is like Oe. pratincola f. typica with the addition of the viscid pubescence of Oe. numismatica. 
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TABLE 1 (continued) 








49 E - 5 -— 199 formosa - 28 os 
x 190 - 4 - 6) 
C - 22 - 13 latifolia - 87 latifolia} x 
E - 43 - 74- 21-3 


(= 2 No.4 — 6 f.typica M (homozygous) X f. typica E) 


50 E- 5 - 199 formosa — 28 formosa) 
x } 190 - 54 - 2) 
C - 22 - 13 latifolia - 87 latifolia! x 
eo ag a 
(= 2 No. 54 - 2 f. typica M (homozygous) X f. typica E) 


51 E —-5 —- 199 formosa — 28 formosa) 
> 190 - 4 - 2) 
C - 22 - 13 latifolia - 87 latifolia x 
E - 43 -89-5-1-6 
(= 2 No.4 —- 2 f.typica M (homozygous) X f. typica E) 





52 E - 5 — 199 formosa — 28 formosa 
x 4 - 176 - 1) 
C - 22 - 13 latifolia - 87 latifolia x \ 
E - 43 - 74 - 21 - 3} 
(= 1 No. 176 - 1 f.typica M (homozygous) X f. typica E) 


53 E - 5 - 199 formosa — 28 formosa) 
x: \ 4 - 176) 
C - 22 - 13 latifolia - 87 latifolia} xX 
E-~43-12-5-6 
(= 1 No. 176 f.typica M (homozygous) X f. typica E) 


54 E - 5 - 199 formosa — 28 formosa) 
x 4 - 165) 
C - 22 - 13 latifolia - 87 latifolia} X >} 
E - 43 - 99 - 5-1 
(= 1 No. 165 f.typica M (heterozygous) X f. typica E) 


55 E - 5 — 199 formosa - 28 formosa) 
x \ 4- 164b 
C - 22 - 13 latifolia - 87 latifolia} X 
E - 43 - 89 -5-1 
(= 1 No. 164b f. typica M (heterozygous) X f. typica E) 


56 E - 5 — 199 formosa — 28 formosa) 
x } 4 — 163b 
C - 22 - 13 latifolia - 87 latifolia) 
E - 43-89-5-1 
(= 1 No. 163b f.typica M (heterozygous) X f. typica E) 
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57 E —- 5 —- 199 formosa — 28 formosa 


58 


59 


60 


61 


62 


63 


64 








C - 22 - 13 latifolia - 87 latifolia} xX 
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TABLE 1 (continued) 








x | 4- ae 


E - 43 - 89 - 5 - 19] 


(= 1 No. 167b f.typica M (heterozygous) X f.typica E) 


E -— 5 -— 199 formosa — 28 formosa) 

C - 22 - 13 latifolia — 87 latifolia) < 

(= 2 No.4 —- 6 f.typica M (homozygous) X f. typica C) 
E - 5 -— 199 formosa — 28 formosa) 

C - 22 - 13 latifolia — 87 latifolia} X 

(= 1 No. 176 f.typica M (homozygous) X f. typica C) 
E - 5 — 199 formosa — 28 formosa) 
C - 22 - 13 latifolia — 87 latifolia 
(= 1 No. 167b f.typica M (heterozygous) X f.typica C) 
E - 5 -— 199 formosa — 28 formosa) 

C - 22 - 13 latifolia - 87 latifolia} X } 
(= 1 No. 165 f. typica M (heterozygous) X f. typica C) 
E -— 5 — 199 formosa — 28 formosa) 

C - 22 - 13 latifolia — 87 latifolia 
(= 1 No. 163b f. typica M (heterozygous) X f.typica C) 
E - 5 -— 199 formosa -— 28 formosa) 


C - 22 - 13 latifolia - 87 latifolia} 
E -— 5 — 199 formosa — 28 formosa) 


C - 22 - 13 latifolia - 87 latifolia) 
(= 1 No. 186 formosa X 1 No. 166 f.typica M (homozygous)) 


E - 5 — 199 formosa - 58 formosa - 15 formosa) 


E - 5 - 199 formosa — 28 formosa) 


C - 22 - 13 latifolia - 87 latifolia} 
(= 25 No. 69 formosa X 2 No.4 — 16 f.typica M (homozygous) ) 





x } 190 - 4 - 6] . 


C - 52-6- 25-1 - 43-2) 


x 4- 176 


C-22-7-40-5-2 


x 4 — 167b) 
x 
C-22-7-40-5-2 


x 4 - 165) 
| 


| 
} 


C-22-7-40-5-2 


x f 4 - 163b] 
(=e \ 
C-22-7-40-5- 2!) 


Xx 4 4 — 186 formosa) 


x f 4 - 166) 


x | 69 formosa) 
E - 43 - 89-5-1) - 


x $ 190 - 4 - 16 

















MENDELIAN INHERITANCE IN OENOTHERA PRATINCOLA 25 








TABLE 1 (concluded) 
65 E - 5 — 199 formosa — 28 formosa) 
x 190 - 4 - 16 
C - 22 - 13 latifolia - 87 sil | 
E - 5 - 199 formosa — 28 formosa) x 
x + 162 — 153 formosa 
C - 22 - 13 latifolia - 87 latifolia} x x formosa} 


E -43-72-5-6 
(= 2 No.4 - 16 f.typica M (homozygous) X 18 No. x formosa) 


66 E - 5 -— 199 formosa - 28 ane | 
x 4 - 176) 
C - 22 - 13 latifolia - 87 latifolia) xX 
E — 5 — 208 angustifolia — 1 nitidissima’ — 15 formosa 
(= 1 No. 176 f. typica M (homozygous) X formosa) 


} 





5 See BARTLETT 1915b, p. 440, table IV. 
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FRIEDA COBB 


TABLE 2 


A classification of the F; generation resulting from self-pollination of normal f. typica plants chosen 
ai random from the segregating F2 generation of the cross mut. formosa X mut. latifolia C. 
gametes of mut. latifolia are the same as those of f. typica of the strain from which it arose). 







(Male 
































wouner | PARENT PLANT | SEEDS PLANTED | TOTAL PLANTS | FLAT-LEAVED ya oon sgt RATIO 
1 No. 16 370 57 42 15 2.80:1 
1 No. 19 319 70 64 6 10.67:1 
1 No. 20 598 22 19 3 6.3321 
1 No. 24 492 140 112 28 4.00:1 
1 No. 26 448 57 45 12 3.7531 
1 No. 28 543 40 30 10 3.00:1 
1 No. 29 578 78 62 16 3.8821 
1 No. 32 514 44 36 8 4.50:1 
1 No. 37 243 62 42 20 2.10:1 
1 No. 43 368 98 77 21 3.67:1 
1 No. 44 299 62 53 9 5.89:1 
1 No. 47 433 132 99 33 3.00:1 
1 No. 62 209 162 125 37 3.38:1 
1 No. 1Ma 227 56 38 18 2.1121 
1 No. 155a 316 63 40 23 1.74:1 
1 No. 156 173 43 32 11 2.91:1 
1 No. 158 278 104 84 20 4.20:1 
1 No. 161 589 99 74 25 2.96:1 
1 No. 163b 1,300 48 39 9 4.33:1 
1 No. 164b 1,358 229 172 57 3.02:1 
1 No. 167a 230 47 39 8 4.88:1 
1 No. 167b 2,383 246 203 43 4.72:1 
1 No. 168 598 129 95 34 2.80:1 
1 No. 171 270 108 77 31 2.48:1 
1 No. 175 518 123 93 30 3.1021 
1 No. 177a 178 42 32 10 3.20:1 
2 No. 8 255 24 22 2 11.00:1 
2 No. 9 338 35 26 9 2.89:1 
2 No. 16 517 27 22 5 4.40:1 
2 No. 18 506 23 15 8 1.87:1 
2 No. 64 545 58 38 20 1.90:1 
2 No. 65 562 107 73 34 2.15:1 
2 No. 70 334 23 17 6 2.83:1 
2 No. 73 567 161 105 56 1.87:1 
3 No. 38 350 52 37 15 2.47:1 
3 No. 72 472 55 46 9 $.11:1 
3 No. 170 343 85 61 24 2.54:1 
3 No. 183 491 33 20 13 1.54:1 
3 No. 190 455 54 33 21 1.5731 
3 No. 198 215 21 10 11 0.91:1 
3 No. 215 460 39 35 4 8.75:1 
vost akutinoesbin 3,158 2,384 774 3.0821 
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PARENT PLANT 


SEEDS PLANTED 


TOTAL PLANTS 


FLAT-LEAVED 




















1 No. 15 179 25 25 0 
1 No. 17 437 58 58 0 
1 No. 35 441 91 91 0 
1 No. 36 493 42 42 0 
1 No. 39 379 61 61 0 
1 No. 49 370 120 120 0 
1 No. 64 371 166 166 0 
1 No. 125 401 112 112 0 
1 No. 160a 436 47 47 0 
1 No. 164a 495 116 116 0 
1 No. 166 582 60 60 0 
1 No. 176 1,341 191 191 0 
2 No. 4 220 130 130 0 
2 No. 5 393 112 112 0 
2 No. 6 243 30 30 0 
2 No. 17 250 51 51 0 
2 No. 19 229 89 89 0 
2 No. 54 534 219 219 0 
2 No. 67 595 124 124 0 
3 No. 75 554 239 239 0 
3 No. 107 306 34 34 0 
3 No. 169 416 48 48 0 

wise e bees Sete 9,665 2,165 2,165 0 











Ja 1921 


This table shows the presence of homozygous and heterozygous dominants in the F2 genera- 
The ratio of non-segregating to segregating cultures in this table is 22:41, which closely 
approximates the expected ratio, 1:2, of homozygous to heterozygous dominants in the Fy 











TABLE 3 
Analysis of the Fy generation resulting from self-pollination of f. typica plants chosen at random 
from the non-segregating F; progenies (see table 2) of the cross mut. formosa X mut. latifolia C. 





























sana | PARENT PLANT SEEDS PLANTED TOTAL PLANTS FLAT-LEAVED oo | RATIO 
1 No. 39-14 | ca. 1,30048 | 254 254 | 0 
1 No. 39-24 | ca. 1,100¢ | 167 167 0 
1 No. 649 | ca. 1,000t | 109 109 0 | 
1 No. 125-44 | ca. 750t 18 | sl 0 | 
1 No. 125-46 | ca. 900+ 85 ~ oe 0 
1 No. 125-48 | ca. 800t | 14 14 ) | 
1 No. 125-49 | ca. 8507 | 26 26 | 0 | 
1 No. 166-9 | ca. 1,200t | 10 10 | , 4 
1 No. 176-1 | ca. 700f | 20 SOY 20 0 | 
1 No. 176-13 | ca. 9004 | 51 51 | 0 | 
2 No. 42 | ca. 900f | 47 | 47 | 0 
2 No. 43 ca. 800t | 78 78 | 0 
2 No. 46 | ca. 700f | 15 _ 0 
2 No. 4-16 | ca. 1,200+ | = (| 138 | 0 
2 | No. 4-21 ca. 700F | 69 69 | 0 
2 No. 54-6 ca. 6007 | 13 13 } 0 
Tedd... cccccccecsst ee | (Oats 1,114 | 0 








All of the plants are flat-leaved, demonstrating further the presence of homozygous domi- 
nants in the F; generation of the cross. Of the 326 plants grown to maturity, taken in part 
from each of twelve cultures, 320 proved to be f. ¢ypica and of the remaining 6 plants 2 
were mut. mummularia,’ 2 were mut. fallax, an undescribed mutation, as a seedling very much 
like mut. nuwmmularia and thrown by the same strains, 1 was probably mut. gigas,’ and 1 
resembled mut. angustifolia. 


TABLE 4 
Analysis of the Fs generation resulting from self-pollination of f. typica plants chosen at random 
from the segregating F3; progenies (see table 2) of the cross mut. formosa X mut. latifolia C. 





KEY | REVOLUTE- 























numper | PARENT PLANT | SEEDS PLANTED | TOTAL PLANTS | FLAT-LEAVED | Apes | RATIO 
1 | No. 167b-12| ca. 550f 15 | 10 | 5 2.00:1 
1 No. 167b-25) ca. 9007 165 132 33 4.00:1 
WORN. 5:40 4 os-delas % ca. 1,450 | 180 i 142 38 3.741 
: 1 | No. 168 44 ca. 700t- 25 25 | 0 i Re 





Of the three cultures, two are segregating and one is not, showing the presence of homozygous 
and heterozygous dominants in the F; generation from heterozygous F; plants. Of the 64plants 
grown to maturity from the two segregating cultures 52 proved to be f. /ypica, 1 was mut. fallax, 
10 were mut. formosa, and 1 was mut. setacea,!® which is a revolute-leaved type thrown by mut. 
formosa. All of the 25 plants of the non-segregating culture proved to be f. typica. 





6 In this and subsequent tables the dagger (+) indicates that seeds from two or more capsules 
were sown together. 

7 Mut. nummularia, a mutation commonly thrown by strain C, but never by pure strain E 
See BarTLETT 1915 a, p. 97; Cops and BartLetr 1919. 

8 See BARTLETT, 1915b, p. 443. 

9 See BarTLETT, 1915b, p. 438. 

10 See BARTLETT , 1915b, p. 450. 
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TABLE 5 
Analysis of the F, generation of the cross mut. formosa X f. typica C (a'Bf X aBFF). 


























serene R | PARENT PLANT | SEEDS PLANTED TOTAL PLANTS FLAT-LEAVED get hein | RATIO 
ae | ca. 300+ 7 7 0 
s | | -3116¢ 10 8=6| ~~ 10 0 
Se Y | 51*11 8 8 0 : 
7 | | -327t 2 | 2 | 0 
es 4 57t 30 30 | 0 
9 33* 17 17 0 
, eT vO 1,084 100 | 100 0 





The cultures consist of flat-leaved types only, but as seedlings the plants show the effect of 
crossing in irregularities in their leaves, the blades being unsymmetrically developed. Of the 
95 plants grown to maturity, taken in part from each of the six cultures, all proved to be f. typica 
except 1 plant, which was an undescribed flat-leaved mutation, mut. dimor pha. 


TABLE 6 
Analysis of the F2 generation resulting from self-pollination of f. typica plants chosen at random 


from the F, generation (see table 5) of the cross mut. formosa X f. typica C (a'Bff X aBFF). 
Each of the cultures contains both flat-leaved and revolute-leaved plants in approximately a 3:1 














ratio. 
lettre PARENT PLANT | SEEDS PLANTED TOTAL PLANTS | FLAT-LEAVED | a | RATIO 
| | | 

4 | No. 3. | ca. 500f 165 132 | 33 4.00:1 
4 No. 5 ca. 850f 67 4 13 4.15:1 
4 No. 6 ca. 900} | 452 337 115 2.93:1 
5 | No. 7 ca. 700t | we 6 18 3.8321 
s | No 9 ca. 800+ | 346 243 | 103 2.36:1 
6 | No. 1 | ca. 600f | 208 | 155 | 53 2.92:1 
6 No. 3 | ca. 800f | 121 | 86 35 | 2.46:1 
6 | No. 6 | ca. 1,000F | 111 | 1 | 30. | 2.70:1 
6 | No 7 | ca. 1,000f | 483 | 347 136 2.55:1 
6 | No. 8 | ca. 900t | 244 181 | 63 2.87:1 
7 No. 4 | ca. 800t| 286 | 220 | 66 3.33:1 
7 No. 6 | ca. 900f | 202 141 61 2.31:1 
7 No. 9 | ca. 900¢ | 182 } 120 62 1.94:1 
7 No. 10 ca. 900F | 200s 146 54 2.7021 
8 No. 10 ca. 950t | 120 | 87 33 2.64:1 
Total..........0++-| Ca 12,500 | 3,274 | 2,399 875 2.74:1 








11 The asterisk (*) in this and subsequent tables indicates that seeds from a single capsule 
were sown. 
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TABLE 7 
Analysis of the F, generation of the cross f. typica C X mut. formosa (aBFF X a’ Bf). 




















Nouner | PARENT PLANT | SEEDS PLANTED | TOTAL PLANTS | FLAT-LEAVED a | RATIO 

10 1007 63 63 0 

ll y 7 og 50 50 0 

12 140* 88 88 0 

13 . 45 45 ‘0 

14 186* 125 125 0 

15 T 176 176 0 

16 3007 235 235 0 
Aha! 947+ 782 782 0 














The cultures consist of flat-leaved types only. Of the 389 plants grown to maturity, taken 
in part from each of the seven cultures, 381 were f. typica, and the remaining 8 were of other 
flat-leaved types—3 of mut. fallax, 2 of mut. dimorpha, 1 of mut. grisella (an undescribed 
mutation), and 2 undetermined mutations. 


TABLE 8 
Analysis of the Fz generation resulting from self-pollination of f. typica plants chosen at random 
from the F; generation (see table 7) of the cross f. typica C X mut. formosa (aBFF X a’Bf). 




















a... PARENT PLANT | SEEDS PLANTED | TOTAL PLANTS FLAT-LEAVED a RATIO 

10 No. 1 1,296f 545 533 12 

10 No. 2 1,425 92 92 0 

10 No. 17 8107 174 174 0 

10 No. 25 6817 18 17 1 

10 No. 42 1,113} 142 142 0 

11 No. 32 1,265 41 41 0 

11 No. 35 1,243t 17 16 1 

11 No. 37 1,428t 29 26 3 

11 No. 44 1,812 8 7 1 

1l No. 50 1,574f 57 54 3 

12 No. 12 1,455t 3 2 1 

12 No. 14 1,693t 127 126 1 

12 No. 29 1,594f 5 4 1 

12 No. 36 1,2147 87 86 1 

12 No. 44 1,232t 309 308 1 
pe ee 19,835: 1,654 1,628 26 61.5:1 














The cultures consist of flat-leaved plants with a small percentage of revolute-leaved plants, 
considered to have arisen by separate mutations of the a gamete in the presence of the recessive 
allelomorphs of the Mendelian factors for flatness. 





TABLE 9 


MENDELIAN INHERITANCE IN OENOTHERA PRATINCOLA 





Analysis of the F; generation of the cross mut. formosa X f. typica E (a'Bff X aff). 





























a PARENT PLANT | SEEDS PLANTED | TOTAL PLANTS | FLAT-LEAVED “a RATIO 
17 2587 21 0 21 
18 471 10 0 10 
19 535T 86 0 86 
20 ) a 10 0 10 
21 150* 13 0 13 
22 167* 33 0 33 
23 100* 21 0 21 
24 138* 25 0 y 
25 866t 86 0 86 

WE cdcn becouse 2,842 305 0 305 





TABLE 10 


All of the plants are revolute-leaved. Of the 235 plants grown to maturity, taken in part 
from each of the nine cultures, 230 were mut. formosa, and the remaining 5 were plants of other 
revolute-leaved types—3 of mut. revoluta,!* 1 of mut. setacea, and 1 of mut. albicans (?),* all 
of these being types thrown by pure strains of mut. formosa. 


Analysis of the Fz generation resulting from self-pollination of f. typica plants chosen at random 
from the F, generation (see table 9) of the cross mut. formosa X f. typica E (a'Bf X aBff). 





























ie PARENT PLANT | SEEDS PLANTED TOTAL PLANTS FLAT-LEAVED or RATIO 
22 No. 24 ca. 8007 | 260 0 260 
23 No. 2 ca. 600 | 111 0 111 
25 No. 63 ca. 800t 216 0 216 
18 No. 8 ca. 750t 41 0 41 
Rape Ne ca. 2,950 | 628 0 628 





itance is matroclinic. 
cultures, all proved to be mut. formosa. 


All of the plants are revolute-leaved, as in the F; generation of this cross; that is, the inher- 
Of the 72 plants grown to maturity, taken in part from each of the four 
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12 See BARTLETT, 1915b, p. 450. 
8 See BARTLETT, 1915b, p. 449. 
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TABLE 11 
Analysis of the F, generation of the cross mut. formosa X f.typica M (homozygous) (a’Bff X a’BFF). 
The staminate parent belonged to the F3 generation of the cross mut. formosa X mut. latifolia C. 


































wees PARENT PLANT | SEEDS PLANTED TOTAL PLANTS | FLAT-LEAVED | phen RATIO 
St | 
26 | 153¢ 113 113 0 
27 | 225t 69 69 0 
28 56* 12 12 0 
29 79* 30 30 0 
30 152+ 26 26 0 
167+ 42 42 0 
eae Pere ve 832 292 292 0 














(a’Bff X a’BFF). 


imately a 3:1 ratio. 


Each culture contains only flat-leaved plants. 
in part from each of the six cultures, 160 proved to be f. typica, and the remaining 21 were of 
other flat-leaved types—16 were mut. dimor pha, 1 was mut. fallax, 1 was mut. grisea (an 
undescribed mutation), and 3 were undetermined. 


TABLE 12 

Analysis of the F2 generation resulting from self-pollination of f. typica plants chosen at ran- 
dom from the F, generation (see table 11) of the cross mut. formosa X f. typica M (homozygous) 

Each of the cultures contains flat-leaved and revolute-leaved planis in approx- 


Of the 181 plants grown to maturity, taken 









































oa PARENT PLANT | SEEDS PLANTED | TOTAL PLANTS FLAT-LEAVED ae RATIO 
26 No. 41 ca. 1,4007 95 71 24 2.96:1 
26 No. 3 ca. 2,000T 245 166 79 2.10:1 
26 No. 9 ca. 1,200f 62 46 16 2.87:1 
26 No. 25 ca. 1,200T 34 23 11 2.09:1 
26 No. 46 ca. 2,100T 61 39 22 ys | 
27 No. 3 ca. 2,200T 31 22 9 2.44:1 
27 No. 15 ca. 2,050t 23 20 3 6.67:1 
27 No. 16 ca. 2,050t 51 32 19 1.68:1 
27 No. 20 ca. 2,100 28 21 7 3.00:1 
29 No. 6 ca. 1,500f 73 54 19 2.84:1 
29 No. 12 ca. 1,150T 25 20 5 4.00:1 
29 No. 16 ca. 1,100f 282 216 66 3.2723 
29 No. 18 ca. 1,650T 112 84 28 3.00:1 
29 No. 25 ca. 1,650T 120 68 52 1.536) 
31 No. 4 ca. 1,800 126 92 34 2.7023 
31 No. 6 ca. 1,900T 86 56 30 1.87:1 
63 No. 1 ca. 8,900T 993 742 251 2.96:1 
63 No. 2 ca. 4,600f 849 655 194 3.38:1 
63 No. 3 ca. 1,450t 563 423 140 3.02:1 
63 No. 4 ca. 1,500f 77 59 18 3.28:1 
64 No. 13 ca. 2,300t 81 62 19 3.26:1 
64 No. 15 ca. 2,500 229 158 71 2.738% . 
64 No. 17 ca. 2,100T 73 46 27 1.70:1 
o4+ No. 23 ca. 2,000T 300 212 88 2.41:1 
64 No. 24 ca. 2,300 718 508 210 2.42:1 
WOE a cc Rakatouns ca. 54,700 5,337 3,895 1,442 2.70:1 











TABLE 13 





Analysis of the F; generation of the cross f. typica M (homozygous) X mut. formosa (a'BFF X a'Bff). 





KEY | 


























NUMBER | PARENT PLANT SEEDS PLANTED | TOTAL PLANTS FLAT-LEAVED ye oa RATIO 
32 ca. 3007 48 48 0 
33 293+ 122 122 0 
34 202+ 18 18 0 
35 2207 27 27 0 
36 50* 33 33 0 
37 667 45 45 0 
38 204F 122 122 0 
39 182} 23 23 0 
40 71 36 36 0 

| Poe ee eny | ca. 1,588 474 474 0 





TABLE 14 


The pistillate parent belonged to the F; generation of the cross mut. formosa X mut. lati- 
folia C. Each of the cultures consists of only flat-leaved plants. 
maturity, taken in part from each of the nine cultures, 204 proved to be f. typica, and the 
remaining 6 were of other flat-leaved types,—3 were mut. dimorpha, 1 was mut. fallax, 1 was 
mut. sub-latifolia (?),'4 and 1 was undetermined. 


Of the 210 plants grown to 


Analysis of the Fz generation resulting from self-pollination of f. typica plants chosen at random 
from the F, generation (see table 13) of the cross f. typica M (homozygous) X mut. formosa 


(a’BFF X a’Bff). 



































onan PARENT PLANT [seems tam PLANTED | TOTAL PLANTS | FLAT-LEAVED a RATIO 
32 No. 3 | ca. 1,750f : 64 46 18 2.56:1 
32 No. 4 ca. 1,700¢ | 203 155 48 3.23:1 
34 No. 7 | ca.1,900t | 122 | 92 30 3.07:1 
34 No. 9 | ca. 1,650f | 78 | 63 15 4.20:1 
34 No. 13 ca. 1,950t 739 549 190 2.89:1 
35 No. 4 ca. 1,6004 | 11 | 72 39 1.85:1 
35 No. 7 ca. 1,275+ 556 406 150 2.71:1 
35 No. 11 ca. 1,600¢ | 34 23 11 2.09:1 
37 No. 11 ca. 2,150¢ | 147 | 109 38 2.87:1 
37 No. 16 1,353¢ | 38s 31 7 4.43:1 
37 No. 21 ca. 1,850t | 159 120 39 3.08:1 
37 No. 23 1,103} | 54 40 14 2.86:1 
38 No. 5 ca. 1,900t | 110 78 32 2.44:1 
38 No. 6 ca. 1,900 | 380 283 97 2.92:1 
38 No. 24 ca. 2,600F | 443 312 131 2.38:1 
65 No. 1 ca. 1,400t | 210 143 67 2.13:1 
65 No. 4 ca. 1,450T | 159 109 50 2.18:1 
66 No. 1 ca. 700t 225 150 75 2.00:1 
66 No. 2 ca. 700+ | 34 26 8 3.25:1 
66 No. 3 ca. 1,600t | 434 313 121 2.59:1 
ee 4,300 | 3,120 1,180 2.64:1 





a 3:1 ratio. 


Each of the cultures contains both flat-leaved and revolute-leaved plants, in approximately 
Of the 74 plants from three of these cultures, grown to maturity, 58 proved to be 
f. typica and 16 proved to be mut. formosa. 
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14 An undescribed mutation. 
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TABLE 15 
Analysis of the F, generation of the cross mut. formosa X f. typica M (heterozygous) (a'Bff X a'BFf). 














wouner | PARENT PLANT | SEEDS PLANTED | TOTAL PLANTS | FLAT-LEAvED | "EVOROTE- RATIO 
41 333f 13 5 8 0.63:1 
42 64* 27 15 12 1.25:1 
43 40* 19 7 12 0.58:1 

PP ikataseesoncs 437 59 27 ‘32 0.84:1 




















In the case of 41, the staminate parent belonged to the F, generation of the cross mut. for- 
mosa X mut. latifolia C; in the case of 42 and 43 to the F2 generation of the cross mut. formosa 
X hyb. viscida."* In each-of the cultures flat-leaved and revolute-leaved plants occur, in about 
equal numbers. The expected ratio is 1:1. When the germination is poor, the number of 
revolute-leaved plants often slightly exceeds the expectation, as it does here. Of the 42 plants 
grown to maturity, taken in part from each of the three cultures, 21 were f. /ypica (one of them 
a dwarf), 3 were of other flat-leaved types (2 of mut. graminea,"* and 1 an undetermined muta- 
tion), 16 were mut. formosa (6 of them very poor plants) and 2 were mut. revoluta, which is one 
of the revolute-leaved mutations thrown by mut. formosa. 


TABLE 16 
Analysis of an F2 progeny resulting from self-pollination of an f. typica plant of the F, generation 














(see table 15) of the cross mut. formosa X f. typica M (heterozygous) (a’Bff X a'BFf). The num- 
bers of flat-leaved and revolute-leaved plants closely approximate a 3:1 ratio. 
oa PARENT PLANT | SEEDS PLANTED TOTAL PLANTS FLAT-LEAVED a RATIO 
41 | No.10 | ca. 4,250t 1,849 1,348 501 2.69:1 
TABLE 17 


Analysis of the F, generation of the cross f. typica M (heterozygous) X mut. formosa (a'BFf X a’Bff). 














weuneg | PARENT PLANT | SEEDS PLANTED | TOTAL PLANTS | FLAT-LEAVED aa RATIO 
44 657f 117 58 59 1.98:1 
45 319F 50 20 30 0.67:1 
| | | eee eee 976 167 78 89 0.88:1 





The pistillate parent belonged to the F2 generation of the cross mut. formosa X mut. lati- 
folia C. In these cultures flat-leaved and revolute-leaved plants occur in about equal numbers, 
but, as in the reciprocal cross, the number of revolute-leaved plants slightly exceeds that required 
for the expected 1:1 ratio. Of the 88 plants grown to maturity, taken in part from each of the 
two cultures, 36 were f. ¢ypica, 2 were of other flat-leaved types (1 of mut. ericacea" and 1 dwarf), 
and 50 were mut. formosa, one of them bearing a flat-leaved bud-sport. 





15 Hyb. viscida, a hybrid of Oenothera pratincola X Oe. numismatica (see BARTLETT 1915 a, 
p. 86). This form is like Oc. pratincola f. typica with the addition of the viscid pubescence 
of Oc. numismatica. 

16 Regarding mut. graminea, see BARTLETT 1915 b, p. 429. 
17 An undescribed mutation. 
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TABLE 18 
Analysis of the Fz generation resulting from self-pollination of f. typica plants chosen at random 
from the F,; generation (see table 17) of the cross f. typica M (heterozygous) X mut. formosa 
(a'BFf X a’Bff). 














Nuuner | PARENT PLANT | SEEDS PLANTED | TOTAL PLANTS | FLAT-LEAVED a RATIO 
45 No. 12 ca. 750 157 114 43 2.65:1 
46 No. 2 ca. 6007 22 16 6 2.66:1 
44 No. 14 ca. 9007 18 ic o 3.50:1 
44 No. 17 ca. 800f 463 344 119 2.89:1 

ee ee ca. 3,050 660 488 172 2.84:1 




















Each of the cultures contains both flat-leaved and revolute-leaved plants, in approximately 
a 3:1 ratio. Of the 50 plants from one culture grown to maturity, 42 proved to be f. typica 
and 8 proved to be mut. formosa. 











TABLE 19 
Analysis of an F, progeny of the cross f. typica E X f. typica M (homozygous) (aBff X a'BFF). 
5m PARENT PLANT | SEEDS PLANTED TOTAL PLANTS FLAT-LEAVED ayn RATIO 
47 95t | 78 78 0 








The staminate parent belonged to the F; generation of the cross mut. formosa X mut. lati- 
folia C. All of the plants are flat-leaved. Of the 49 plants grown to maturity, 44 were f. typica, 
and the remaining 5 were of other flat-leaved types—2 of mut. ericacea, 2 of mut. dimorpha, and 
1 undetermined mutation. 


TABLE 20 
Analysis of the F2 generation resulting from self-pollination of f. typica plants chosen at ran- 
dom: from the F, generation (see table 19) of the cross f. typica E X f. typica M (homozygous) 
(aBff X a'BFF). In each culture all of the plants are flat-leaved. 














mm PARENT PLANT | SEEDS PLANTED | TOTAL PLANTS FLAT-LEAVED yy RATIO 
47 No. 4 ca. 1,700 1,016 1,016 0 
47 No. 8 ca. 1,800 1,265 1,265 0 
47 No. 11 ca. 1,0007 813 813 0 
47 No. 15 1,205t 91 91 0 
47 No. 19 ca. 1,4007 1,140 1,140 0 
47 No. 26 1,436f 1,062 1,062 0 
47 No. 28 ca. 1,500f 533 533 0 
47 No. 30 1,214f 169 169 0 
WO Gow snewaredecs ca. 11,255 6,089 6,089 0 
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TABLE 21 
Analysis of the F; generation of the cross f. typica M (homozygous) X f. typica E (a'BFF X aff). 























i PARENT PLANT SEEDS PLANTED TOTAL PLANTS | FLAT-LEAVED yer og RATIO 
48 194+ 21 21 0 
49 392+ 238 238 0 
50 197+ 128 128 0 
51 361+ 275 275 0 
52 50t 32 32 0 
Totel.......cscese.| 2198 694 694 0 





The pistillate parent belonged to the F; generation of the cross mut. formosa X mut. lati- 
folia C. Each of the cultures contains only flat-leaved plants. 
maturity, taken in part from each of the five cultures, 155 proved to be f. typica, and the remain- 
ing 2 were mut. fallax. 


(a’BFF X aff). 


TABLE 22 
Analysis of the F2 generation resulting from self-pollination of f. typica plants chosen at ran- 
dom from the F, generation (see table 21) of the cross f. typica M (homozygous) X f. typica E 





Of the 157 plants grown to 




















“dee | PARENT PLANT | SEEDS PLANIED TOTAL PLANTS FLAT-LEAVED gets RATIO 
50 No. 40 1,425+ | 629 465 164 2.84:1 
50 No. 44 1,529¢ | 461 337 124 2.72:1 
51 No. 12 1,345t | 612 445 167 2.66:1 
53 No. 1 ca. 1,000+ 494 367 127 2.88:1 
53 No. 2. | ca. 900t | 31 23 8 2.88:1 
53 No. 3 ca. 1,000t 17 12 5 2.40:1 
53 No. 4 ca. 7507 | 10 7 3 2:33:31 
53 No. 5 ca. 400t | 33 22 il 2.00:1 
53 No. 6 ca. 900F | 12 11 1 11.00:1 

= 

Total. .....<c0s5s..| OM | 220 1,689 610 2.77: 











Each of the cultures contains flat-leaved and revolute-leaved plants, in approximately a 3:1 
Of the 25 plants from one culture grown to maturity, 22 proved to be f. typica, 1 was 
of another flat-leaved type (mut. dimorpha), and 2 were mut. formosa. 


ratio. 
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TABLE 23 
Analysis of the F; generation of the cross f. typica M (heterozygous) X f. typica E (o’BFf X o8ff). 














ce | PARENT PLANT | SEEDS PLANTED | TOTAL PLANTS | FLAT-LEAVED | cea RATIO 
54 5287 42 20 22 0.91:1 
55 401t | 12 6 6 1.00:1 
56 4307 86 34 52 0.65:1 
57 301+ | 34 22 12 1.83:1 

| | 
Wha) S| mw | = | Se 0.89:1 








The pistillate parent belonged to the F2 generation of the cross mut. formosa X mut. /ati- 
folia C. In each of the cultures flat-leaved and revolute-leaved plants occur in about equal 
numbers. The expected ratio is 1:1., When the germination is poor, the number of revolute- 
leaved plants often slightly exceeds the expectation, as it does here. Of the 112 plants grown 
to maturity, taken in part from each of the four cultures, 56 were f. typica, 4 were of other 
flat-leaved types (1 was mut. fallax and 3 were of a dwarf type), 51 were mut. formosa, and 1 
was mut. revoluta, which is one of the revolute-leaved mutations thrown by mut. formosa. 


TABLE 24 


Analysis of the Fz generation resulting from self-pollination of f. typica plants chosen at ran- 
dom from the F, generation (see table 23) of the cross f. typica M (heterozygous) X f. typica E 
(a’BFf X aBff). 




















oo . | PARENT PLANT SEEDS PLANTED | TOTAL PLANTS FLAT-LEAVED a RATIO 
54 No. 3 | ca. 900t| 198 | (153 45 3.40:1 
57 No. 20 ca. 1,000t | 228 167 61 2.74:1 
57 No. 22 ca. 1,000F | ss | 41 14 2.93:1 
57 No. 24 ca. 800f | ee 10 2 5.00:1 
57 No. 25 | ca. 500+ | 101s 79 22 3.59:1 
57 No.28 | ca. 750t| 107 | 86 21 4.10:1 
| cnet! 
WN, oa deheeiets | ca.4950 | 701 | 536 | 165 3.25:1 











Each of the cultures contains both flat-leaved and revolute-leaved plants in approximately a 
3:1 ratio. Of the 49 plants from one culture grown to maturity, 34 proved to be f. typica and 
15 proved to be mut. formosa. 
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TABLE 25 
Analysis of the F, generation of the cross f. typica M (homozygous) X f. typica C (a'BFF X aBFF). 
Nomurp | PARENT PLANT | SEEDS PLANTED | TOTAL PLANTS | FLAT-LEAVED | "EVORUTES RATIO 
58 | 82* 57 57 0 
59 109t 11 11 0 
ree 191 68 68 0 








The pistillate parent belonged to the F2 generation (in the case of 59) and the F; generation 
(in the case of 58) of the cross mut. formosa X mut. latifolia C. All of the plants are flat-leaved, 
and when grown to maturity all proved to be f. typica. 


TABLE 26 


Analysis of the F2 generation resulting from self-pollination of f. typica plants chosen at random 
from the F, generation (see table 25) of the cross f. typica M (homozygous) X f. typica C 
(a’BFF X aBFF). All of the plants are flat-leaved. 
































wouneR | PARENT PLANT | SEEDS PLANTED| TOTAL PLANTS | FLAT-LEAVED aa RATIO 
59 No. 3 ca. 400 3 3 0 
59 No. 7 ca. 600f 2 2 0 
58 No. 1 1,664 9 9 0 
58 No. 2 1,500t 20 20 0 
58 No. 5 1,647+ 280 280 0 
58 No. 12 1,423t 230 230 0 
WIE 2. 86-aneseaiass ca. 7,234 544 544 0 
TABLE 27 


Analysis of the F; generation of the cross f. typica M (heterozygous) X f. typica C (a'BFf X aBFF). 











oniees PARENT PLANT | SEEDS PLANTED | TOTAL PLANTS | FLAT-LEAVED “aa RATIO 
60 225t 9 9 0 
61 247t 7 7 0 
62 318+ 50 50 0 

cee eee 790+- 66 68 0 




















The pistillate parent belonged to the F, generation of the cross mut. formosa X mut. lati- 
foliaC. Each of the cultures contains only flat-leaved plants. Of the 66 plants grown to matu- 
rity, taken in part from each of the three cultures, 65 proved to be f. ¢ypica, and the remaining 
1 was mut. faliax. 





TABLE 28 
Analysis of the F2 generation resulting from self-pollination of f. typica plants chosen at ran- 
dom from the F, generation (see table 27) of the cross f. typica M (heterozygous) X f. typica C 


MENDELIAN INHERITANCE IN OENOTHERA PRATINCOLA 






































(a'BF{X aBFF). 

=... PARENT PLANT | SEEDS PLANTED | TOTAL PLANTS FLAT-LEAVED a RATIO 
60 No. 1 ca. 1,200 839 839 0 

60 No. 4 ca. 1,300 887 887 0 

60 No. 5 ca. 700 239 239 0 

60 No. 6 ca. 900T 487 487 0 

60 No. 9 ca. 1,700¢ 1,066 1,066 0 

61 No. 2 675t 399 399 0 

61 No. 3 ca. 1,100 465 465 0 

62 No. 8 ca. 550f 109 109 0 

62 No. 9 ca. 800f 80 80 0 

62 No. 19 ca. 4007 52 52 0 

62 No. 33 ca. 700 48 48 0 

WOU bicievtonware ca. 10,025 4,671 4,671 0 

60 No. 3 1,011} 286 213 73 2.92:1 
60 No. 8 ca. 1,200 378 308 70 4.40:1 
61 No. 1 773t 109 88 21 4.19:1 
61 No. 6 ca. 1,300 892 698 194 3.60:1 
62 No. 36 ca. 600 20 17 3 5.67:1 
61 No. 4 ca. 1,000 561 470 91 5.16:1 
61 No. 5 ca. 1,500 1,128 830 298 2.79:1 
Dat vécowanien ca. 7,384 3,374 2,624 750 3.50:1 
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The ratio 11:7 does not 


Of the eighteen progenies, eleven consist entirely of flat-leaved plants and seven consist of 
flat-leaved and revolute-leaved plants in approximately a 3:1 ratio. 
approach as closely as expected, to the 1:1 ratio of gametes bearing the dominant factor to 
gametes bearing the recessive factor, produced by the heterozygous pistillate parent of the cross. 
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TABLE 30 
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Ratios of flat-leaved to revolute-leaved plants (given in terms of flat-leaved plants per thousand ger- 
minations) in all cultures in which the expectation is 750, assembled and classified according to 
percentage of germination. 
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INTRODUCTION 


It has been shown in Part I of these studies (STURTEVANT 1920 c) that 
Drosophila simulans may be hybridized with D. melanogaster, and that the 
hybrids are sterile. It had been hoped, had the hybrids been fertile, that 
the genetic make-up of simulans could be studied through the hybrids. 
This hope disappeared when the hybrids were found to be sterile, so the 
problem had to be attacked in another way,—namely, by studying the 
genetics of pure simulans. A number of mutations have been obtained, 
and it has been possible to show that certain of these are allelomorphs 
of known mutations of melanogaster. The genetic behavior of simulans 
is now fairly well worked out, and can be compared in some detail with 
that of melanogaster. The data concerning the sex chromosomes will be 
presented in this paper, and the autosomes will be discussed in Part III 
of these studies. 


1 Contribution from the CARNEGIE INSTITUTION OF WASHINGTON. 
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SEX-LINKED MUTATIONS OF Drosophila simulans 


Table 1 shows the sex-linked mutations that have been found in D. 
simulans. A brief description of each and an account of its origin follows. 

Yellow. The original specimen was collected on a pile of decaying 
tomatoes at Lakeland, Florida, by Dr. C. W. Metz. He obtained a stock 
from it and sent it to me before simulans had been recognized as a distinct 
species. This was one of the first stocks of simulans usted in the experi- 
ments here reported. 

The mutant character looks exactly like the yellow melanogaster that 
is already known, described and figured (MorGAN and BrincEs 1916). 
We shall see below that it is in fact the same character. 








TABLE 1 
Sex-linked mutations of Drosophila simulans. 

NAME aes | SYMBOL | LocUS DATE an STOCK 
Yellow Body color y 0.0 | May, 1919 C. W. Metz | Wild, Fla. 
Yellow Body color y 0.0 | Oct. 15, 1919 A. H. S. Wild, N. H. 
Prune Eye color Pn 3.0 | Aug. 29, 1919 A. H. S. y tp linkage 
Dwarf Size dw 3.0 | Oct. 1, 1919 A. H. S. y ty linkage 
Rubyoid Eye color re 11.3 | Oct. 31, 1919 A. H. S. y pn linkage 
Carmine Eye color Ca? 44.8 | Sept. 17, 1919 A. H. S. y, scarlet 
Forked Bristles f 57.2 | Sept., 1919 C. B. BrincEs| y stock 
Tiny-bristle | Bristles ty? 57.8 | July 8, 1919 A. HES: Wild, Fla. 
Lethals Life A. 3. S. 























2Tf these mutants were treated as though they were mutants of D. melanogaster, rubyoid 
would have the symbol rb¢, carmine would be g‘, and tiny-bristle would have to be renamed. 


On October 15, 1919, I found a single yellow male in a wild stock from 
Randolph, New Hampshire. This male was bred to wild-type females, 
and in F; there appeared many yellow males. One of these was crossed 
to a female known to be heterozygous for the original Florida yellow, and 
produced many yellow daughters. Since the two yellows were indistin- 
guishable, and were shown by this experiment to be allelomorphic, the 
New Hampshire yellow was discarded. It was used in none of the linkage 
experiments recorded in this paper. It is possible that this race arose by 
contamination with the Florida yellow, rather than by mutation, as no 
conclusive check against such an accident was available. 

Prune. A single male with a dark purplish translucent eye was found 
on August 29, 1919, in a culture of pure Florida ancestry (two females 
were used in making up this culture), that produced 81 other males, all 
with the usual red eye-color. A stock was obtained from this male, and 
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has been used extensively in the experiments here recorded. The eye- 
color looks almost exactly like the prune eye-color of melanogaster, and 
is in fact due to a mutation in the same locus, as we shall see later. 

Dwarf. Culture 6883, from a single female heterozygous for yellow, 
counted in October 1919, produced 74 92 9, 3 not-yellow @<, 27 yellow 
oo. The family was continued as a lethal strain, and gave results con- 
sistent with the view that there was a sex-linked lethal present, which 
was very close to prune. Later it was noticed that the apparent cross- 
overs between prune and the lethal were all dwarfs. These dwarfs proved 
fertile, and it has been shown by breeding them that they actually carry 
the supposed lethal. The lethal (realiy semi-lethal) effect and the dwarf 
character are evidently due to the same gene, which is conveniently referred 
to as “dwarf,” rather than “lethal,” the original name. 

Rubyoid. Culture 7108, of pure Florida ancestry, contained a single 
female, that carried one yellow prune X while the other X was supposed 
to be wild-type. At least 38 sons (33 of them not yellow) had a new eye- 
color, much paler than prune. The female in 7108 evidently had in her 
“wild-type” (maternal) X a new mutation. The mother of this female 
produced no rubyoid sons, nor did 9 tested sisters of 7108, though at least 
five of these probably carried the same maternal X (so far as the left- 
hand end was concerned) as did 7108. The situation is, however, some- 
what obscured by the fact that the mother of 7108 and some of her sisters 
were heterozygous for dwarf, which acted practically as a lethal; and also 
by the possible presence of a second lethal in the same general region. 

The color of the rubyoid eye is somewhat darker than that of ruby 
melanogaster, with which it is allelomorphic, but is of the same general 
nature. 

Carmine. This eye-color appeared first in a single male, from a culture 
made up with two females, both heterozygous both for yellow and for the 
autosomal recessive scarlet. The original mutant male was also yellow. 
The culture from which he came was of pure Florida stock, and was a 
daughter culture of 6701, in which prune first appeared. 

Carmine closely resembles the melanogaster mutant of the same name. 
As we shall see, both are allelomorphic to the more familiar garnet of 
melanogaster. The eye-color is paler than that of rubyoid. 

Forked. This mutant was discovered by Dr. C. B. BripGEs in September 
1919, in a stock of the Florida yellow. Bripces found that it was sex- 
linked, and that it gave free crossing over with yellow. The data on its 
linkage presented here, however, are all from my own experiments, made 
with a stock obtained from BRIDGEs. 
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The character is exactly like the forked of melanogaster, which has been 
described and figured by Morcan and BrinceEs 1916). The two char- 
acters are due to mutations in the same locus, as will appear below: 

Tiny-bristle. A single female, of the Florida stock, was found to have 
an extra dorsocentral bristle. This character reappeared in only one of 
her descendants; but 38 of her 66 sons had small bristles. The small- 
bristle character is a sex-linked recessive in inheritance. There are several 
other effects associated with it. The flies hatch somewhat later than 
their normal brothers and sisters, and are more easily killed, as larvae or 
pupae, by unfavorable conditions. All the females so far tested have been 
completely sterile. In addition the eyes are often slightly roughened, 
and may have a slight nick in the anterior margin, and the abdominal 
bands are less pigmented than in wild-type flies and may be somewhat 
irregular. 

Lethals. At least two lethals, besides the semi-lethal dwarf, have been 
found. Both were near the yellow locus, and were therefore not favorable 
for studying crossing-over relations, since this region is sufficiently well 
workable through yellow, prune and rubyoid. These lethals were there- 
fore discarded, and it seems not worth while to present here what few 
data were obtained concerning them. 


PARALLELISM OF SEX-LINKED MUTATIONS IN simulans AND melanogaster 


The seven sex-linked characters described above all resemble sex-linked 
characters already known in D. melanogaster. Since the two species can 
be crossed, with the production of wild-type females, it is possible to find 
out if the mutant genes in the two species are allelomorphic. If a wild- 
type individual of either species is crossed to an individual of the other 
species that carries a recessive mutant gene, the daughters (except the one 
non-disjunctional exception referred to in Part I) are always wild-type in 
appearance, just as they are when a similar cross is made within either 
species. That is, each species carries the dominant normal allelomorphs 
of all the recessive mutant genes of the other species that have been tested. 
If, then, we cross a mutant race, say yellow, of simulans to a yellow race 
of melanogaster, we can determine whether or not the mutations have 
affected the same wild-type allelomorph, i.e., whether or not they are 
themselves allelomorphic. For clearly, if the hybrid females are not 
yellow, each parent has introduced the normal allelomorph of the mutant 
gene present in the other race, and the mutant genes are not allelomorphic. 
But if the hybrid females are yellow, then neither parent carried the normal 
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allelomorph of the yellow gene present in the other parent; and, since the 
wild-type flies do carry such allelomorphs wherever the test has been made, 
it follows that the two mutant yellows must bé allelomorphs. We may 
now consider the data that have been obtained in experiments designed 
to test the allelomorphism of the seven sex-linked mutants of D. simulans. 


Yellow 


Eleven females from a stock of melanogaster pure for yellow and for white 
were mated to 19 yellow simulans males. Ninety-three yellow white 
females (melanogaster, and due to non-virginity of the mothers), 117 yellow 
white males (also melanogaster and due to non-virginity), and 41 yellow 
females (hybrid, and not white) were produced. The 41 yellow females 
that were not white prove that the two yellows are allelomorphic. 


Prune 


Seven melanogaster females from a stock pure for yellow and for prune 
were mated to six simulans males that were prune (not yellow). Thirty 
offspring were produced—all of them prune (not yellow) females, thus 
proving the mutant genes to be allelomorphic. 


Dwarf 


Hybrids have not been obtained in the case of the two dwarfs, and in 
simulans the mutant has been lost, so that we can get only indirect evidence 
here. 

In both species the dwarf gene is a semi-lethal, and in both the dwarf 
males appear normal except for their small size and the pale color that is 
usually associated with small size arising from any cause (such as starvation 
of the larva) in Drosophila. The dwarf males are fertile in both species; 
in simulans the few females that have been tested have proved sterile. In 
simulans dwarf has not been found to cross over from prune (except in one 
doubtful instance) and accordingly has a locus of 3.0; in melanogaster I have 
reared many flies without getting a crossover between dwarf (known in this 
species as “lethal 10”) and either yellow or scute, which are both located at 
0.0. Dwarf prune crossovers in melanogaster have however been found on 
two occasions. Dwarf thus sticks closely to prune in simulans, and to yellow 
in melanogaster. The yellow prune crossover value is 1.1 in melanogaster, 3.0 
in simulans. It seems probable that the two dwarfs are not identical, in 
spite of their similarity and the nearness of their loci, and that this case 
is similar to that of the two tiny-bristles discussed below. However, it 
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is possible that the dwarf locus is between the yellow and prune loci, and 
that the yellow prune crossing over in melanogaster is all or nearly all to 
the right of this locus, while in simulans it is all or nearly all to the left 
of it. This view is rendered improbable by a consideration of the cross- 
over relations of rubyoid simulans and ruby melanogaster, to be discussed 
later. If the one doubtful prune dwarf crossover in simulans is really a 
crossover, he indicates that dwarf is to the right of prune, thus again 
negativing the above tentative interpretation; but as will appear below 
his nature is very doubtful. 


Rubyoid 


Nine melanogaster females from a stock pure for ruby were mated to 13 
rubyoid simulans males. The offspring were 224 in number, all of them 
females with an eye-color intermediate between ruby and rubyoid. The 
two mutant genes are thus allelomorphs. 


Carmine 


Two melanogaster females from a stock pure for vermilion, garnet, small, 
and forked were mated to four carmine simulans males. The offspring 
consisted of 32 females, all with an eye-color intermediate between carmine 
and garnet. Since the mother had two eye-color mutations (vermilion 
and garnet), this case is not quite as certain as the others here described. 
But vermilion is a very different-looking color from the other two, which 
are quite similar; and carmine is almost exactly like the mutant of the 
same name known in melanogaster, which is an allelomorph of garnet. 
These facts, taken in connection with the observation that the eyes of the 
32 hybrids did not look at all like vermilion, but were intermediate between 
carmine and garnet, leave no reasonable doubt that carmine simulans is 
an allelomorph of garnet melanogaster. 


Forked 


A melanogaster female from a stock pure for eosin, vermilion, and forked 
was mated to a forked simulans male. Forty-nine offspring were produced, 
all of them forked daughters. The two mutant genes are therefore 
allelomorphs. 


Tiny-bristle 


The tiny-bristle females are sterile in both species, so in this case it was 
necessary to use melanogaster females heterozygous for tiny-bristle. Two 
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: v 
tests were made. In the first case six females of the constitution? od were 


mated to 21 tiny-bristle simulans males. The following offspring resulted: 





FEMALE MALE 





D t, 





| 
Wild-type | : { of t, | of 
| 


99 | 78 26 10 14 li | 19 








The mothers were evidently not all virgin, since sons (and pure melano- 
gaster sons) were produced. At least one of the females had mated with 
a vermilion forked melanogaster male, but the excess of females, especially 
in the wild-type class, indicates that some of the offspring were actually 
hybrids. Since the cross was not conclusive another test was made. 
Seven melanogaster females of the same constitution as before were mated 
to 12 tiny-bristle simulans males. The offspring are shown below: 





FEMALE MALE 








| 
Wild-type | 0 | of | Ps t, | of | v 


133 a | 5 | 1 





Though here again at least one of the mothers was not virgin, the very 
great excess of females leaves no doubt that most of the offspring were 
hybrids. And, as in the previous test, no tiny-brisile daughters appeared. 
The two mutant genes thus are not allelomorphic, though their effects 
correspond in detail, and are more numerous than those of most mutant 
genes. 


MAP OF THE simulans X CHROMOSOME 


All experiments designed to test the linkage between the sex-linked 
genes of D. simulans are summarized in tables 2, 3, and 4. The totals 
for each type of cross are given separately, but it has not seemed worth 
while to publish the counts for each individual culture. 

Table 5 shows the total data for each pair of loci. 

These data, more especially the three- and four-point data (tables 3 
and 4), show clearly that the sequence of the genes is yellow, prune, ruby- 
oid, carmine, forked, tiny-bristle. Dwarf is close to prune, and its position 
has already been discussed. 


3 y = vermilion, /g = tiny-bristle, f = forked. 
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Two-point linkage experiments with the X chromosome of D. simulans. 


TABLE 2 




















































but also their sequence. 


In the third and following columns classes are entered under their 
headings indicating the type of crossing over they represent. 
includes the individuals bearing the dominant (wild-type) allelomorphs in the left-hand locus 
concerned is placed first, and is followed by the contrary class. 


Loc! TYPE OF CROSS NON-CROSSOVERS CROSSOVERS TOTAL 

¥ Pn X + 1504 1438 39 «50 3031 
Y Pa yX Pn 395 427 18 8 848 

yraX + 114 130 6 11 261 
i y X ra 98 103 15 15 231 

y Ca X—+ 1120 951 514 461 3046 
Ie y X Ca 80 111 69 57 317 
yf yfX+ 173 191 116 11% 597 

ytX+ 493 190 162 410 1255 
yh yX te 296 347 311 221 1175 
Pn Ta Pn X ra 66 8 74 
Pn Ca Pn X Ca 181 78 259 
Pn be pn X be 12 97 3% i 201 
dwta dw Xtra 359 = 45 48 0 452 
Tale Ta x Ca 12 90 
raf raXf 47 ‘Si 19 28 145 
rate ra X te 78 160 87 24 346 
Caf coXf a 2 5 5 163 
Ca te Co X be 42 95 a6? 165 

Nore. In tables 2, 3 and 4, the column headed “Loci” shows not only the loci concerned, 


In every case that class which 







































TABLE 3 
Three-point linkage experiments with the X chromosome of D. simulans. 
NATURE NON- SINGLE CROSSOVERS DOUBLE 
Loci OF CROSS CROSSOVERS CROSSOVERS TOFAL 
Region 1 Region 2 
Yindw | ¥tnXdw 58 501 18 0 0 14 0 0 578 
y tn f yin Xf 130 127 2 65 73 1 0 399 
YPneX+] 68 30 0 Oo 26 48 0 0 172 
¥ tn X by 49 109 3 8 98 35 : <S 305 
Yonto VX pats 27 54 3 0o| 2 9 0 1 119 
\| yt X Pn 77 «21 ae 13 52 4 0 176 
Y Ta Ca ¥CaX va 25 5 284 
y X raf 86 91 10 11 33 34 ; 2 268 
yreS Nyt x ra 301 355 | 56 46 | 180 200 | 23 11 1262 
¥ rath X + 14 10 4 2 4 8 1 1 44 
y ra ty y ra X ty 3$ 3 3 0 15 5 x 2 61 
y ty X ra 126 36 9 30 25 102 16 4 348 
¥ Caf ycaXf 725 719 | 419 383 | 134 109 34 32 2555 
| VCalhX +.| 167 29 54 110 16 45 19 8 488 
¥ Ca ty ¥ Ca X te 38 61 49 27 10 9 1 13 208 
(| yt X ca 56 35 24 46 14 6 6 7 194 
ta Caf ta X Caf 58 8 349 
raf te rate Xf 84 20 23 23 0 Oo 0 1 151 
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He was sterile. 


‘ This individual was yellow prune dwarf in appearance; but frayed was later found to be in 
the stock, and may have been responsible for his small size. 
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In constructing the map, the yellow prune, yellow rubyoid, carmine 
forked, and forked tiny-bristle values of table 5 have been used directly. 
These are based on large enough numbers to be reasonably accurate, and 
the distances are all short enough so that possible double crossovers must 
be so rare as to be negligible. 

TABLE 4 
Four-point linkage experiments with the X chromosome of D. simulans. 












































NON- SINGLE CROSSOVERS DOUBLE CROSSOVERS TRIPLE 
LOCI NATURE OF CROSS| CROSS- cROsS- | TOTAL 
OVERS Region 1 |Region2 Region3) 1,2 1,3 2,3 OVERS 
yrafto | yraftoX +} 54 23) 2 10/21 57)}1 0)5 31/0 0)0 0/0 O| 176 
y Caf X te 99 126,95 69/25 23}1 1/9 11/1 110 0/0 O| 461 
ycaflh}| ycal Xf (398 193169 311/51 65)0 3 |34 15}4 0/0 0/0 O| 1243 
y X caf th 39 107) 69 28/12 10} 1 0;2 80 0;0 0/0 O| 276 
TABLE 5 
Total data for each pair of loci in the X chromosome of D. simulans. 
Loct TOTAL | CROSSOVERS PERCENTAGE OF 
y Pn 5628 168 3.0 
y dw 578 19 3.3 
y ta 2651 299 11.3 
y Ca 9064 3266 36.0 
yf 7513 3131 41.6 
y ty 6977 3194 45.8 
bn dw 578 1 0.2 
Pn Ya 74 8 10.8 
Pn Ca 259 78 30.1 
pnf 399 139 34.8 
Pn lo 973 406 41.7 
dw ta 452 48 10.6 
Ta Ca 723 108 X 2 29.9 
raf 2002 664 33.1 
ra ty 1126 424 37.6 
Caf 4974 616 12.4 
Ca ly 3311 492 14.9 
fb 2583 15 0.6 














The rubyoid carmine value, which is necessary in the construction of 
the map, is not so easily determined. The direct method, of crossing the 
two mutants and determining the amount of crossing over between them, 
is not entirely satisfactory, because rubyoid and carmine cannot be distin- 
guished from each other or from the double recessive, rubyoid carmine, 
with any degree of certainty. All three are, however, easily distinguishable 
from the wild-type. Several counts from females with rubyoid in one X 
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and carmine in the other are recorded in table 5. Since the wild-type flies 
constitute one-half of the total number of crossovers, we may calculate 
the crossover percentage by doubling this number and dividing it by the 
whole number of offspring. This method indicates a crossover percentage 
of 29.9. 

The value just obtained is open to some question, since it is based on 
rather small numbers and since it would be seriously affected by viability 
complications, owing to the fact that only one of the crossover classes was 
distinguishable. Accordingly two other methods of calculating the value 
have been carried out. The first of these consists in using the well-estab- 
lished yellow carmine value, 36.0, corrected for observed yellow rubyoid 
carmine double crossing over (3.5 percent, which must be doubled and added 
to 36.0 for our purpose). The resulting value, 43.0, minus the observed 
yellow rubyoid value of 11.3, gives a second rubyoid carmine value, 31.7. 


TABLE 6 


Coincidence in the X chromosome of D. simulans. 











LOcI TOTAL FLIES use eiieaeio | ng CROSSOVERS, 2 COINCIDENCE 

y Pn dw 578 0 3.3 

y Pf 399 1 35.8 50 
y Pn te 772 8 45.2 72 
y raf 1706 45 43.9 74 
y ra te 629 32 57.5 81 
y Caf 4535 145 50.1 68 
Y Ca ly 2870 139 56.4 77 
raf tr 327 1 41.2 127 














Note. The first three experiments and the last one showed such small numbers of double 
crossovers that the coincidence values are not significant. They have been included here only 
for the sake of completeness. 


The third method of calculation is based on the well-established rubyoid 
forked value, 33.1. Corrected for observed rubyoid carmine forked double 
crossing over (4.6, which must be doubled), this value becomes 42.3. Sub- 
tracting the observed carmine forked value of 12.4 gives 29.9 as a third 
value for rubyoid carmine. The three values, 29.9, 31.7, and 29.9, show 
quite as close an agreement as was to have been expected. The average 
of the three, 30.5, has been used in constructing the map. 

There is, however, another difficulty here. The value 30.5 corresponds 
to a distance long enough so that double crossing over must be supposed to 
occur within it. There is no method of ascertaining how much to allow 
for such double crossing over, until mutations in the region are discovered 
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and studied. However, we shall see in the following section that the 
double-crossing-over relations in the X of simulans that can be studied, 
are very similar to those of the X of melanogaster. Accordingly it seems 
legitimate to correct the rubyoid carmine value by the addition of three 
units, which is about the correction that would be necessary for a like 
value in the X of melanogaster. The value 33.5 has therefore been adopted 
as corresponding to the “distance” between the two loci. It must, however, 
be emphasized that later work may show that this value requires changing 
by a few units. 

The resulting map, together with a map of the corresponding loci of 
D. melanogaster (chiefly from extensive data collected by Dr. C. B. BrIpcEs 
and in part unpublished) (compare Bripces 1919 for some of the loci), 
is shown in figure 1.5 This map shows that the sequence of the five corre- 
sponding loci in the two species is the same, but that the amount of crossing 
over is not the same. In the left-hand end of the chromosome there is 
more crossing over in simulans, in the middle there is probably somewhat 
less, while in the right-hand end there is about the same amount. This 
difference in amount of crossing over is not surprising, since it has been 
shown (Bripces 1915, PLoucn 1917, SrurTEvANT 1919, etc.) that the 
amount of crossing over is not constant even within the same species. I 
have shown in the paper referred to that genetic factors may cause changes, 
even greater than those here described, in the second chromosome of D. 
melanogaster; and also that such changes, as in the present case, do not 
always affect different parts of the same chromosome proportionately. 

The previous studies on linkage variations within one species have all 
shown that the sequence of the loci is not altered by such variations as 
occur. That the present example shows the same relation is important, 
for it indicates that the X chromosomes of the two distinct species have 
essentially the same constitution. Not only are many of the genes identi- 
cal, but they are arranged in the same relative positions. 

The map corroborates the conclusion that the “tiny-bristles” in the two 
species represent different mutations, for their respective loci are on opposite 
sides of the garnet-carmine locus. This fact was not discovered until the 
negative test of allelomorphism had been completed. 


COINCIDENCE 


Table 6 shows the total available three-point data that can be used for 
calculation of coincidence, including those which can be extracted from the 


5 See the appendix of this paper for a discussion of the maps of the virilis and funebris X chro- 
mosomes, also shown in the figure. 
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four-point crosses. The coincidence values are close to those that have 
been observed for similar distances in melanogaster, but perhaps average 
a little lower. Detailed comparison is not easily made from the available 
data, and will not be attempted here. 


NON-DISJUNCTION 


Non-disjunction of the sex chromosomes occurs in D. simulans, and in 
the same way as in D. melanogaster (see BRIDGES 1916), so far as it has been 
investigated. 

It has been shown, by the use of the mutant character scarlet, that the 
third chromosome pair is distributed as usual in females that are producing 
non-disjunctional exceptions. 

Exceptional females have been fourid to produce further exceptions. 
Seventeen tests of exceptional yellow females, mated to not-yellow males, 
have given a total of 1079 not-yellow daughters, 1062 yellow sons, 39 yel- 
low daughters, and 26 not-yellow sons. The percentage of secondary 
exceptions calculated from these data, 2.9, is somewhat less than the 
percentage (4.3) found by Bripces to be normal for D. melanogaster; 
but the difference is probably not significant, for in both species the per- 
centage is a quite variable quantity. 

In D. simulans, as in melanogaster, some of the regular daughters of an 
exceptional female produce exceptions, while others do not. No cytological 
examination has been made of XX Y simulans, and the sterility of the XO 
males has not been adequately tested. 

In general, the two species behave very similarly with respect to non- 
disjunction, and we may safely conclude that the mechanism demonstrated 
by Brinces for melanogaster is the one that is at work in simulans. 


GYNANDROMORPHS 


Seven gynandromorphs have been found in D. simulans. The general 
conclusions to be deduced from a study of them are in agreement with 
those reached by Morcan and Brinces (1919) as a result of their exami- 
nation of a large series of gynandromorphs obtained in D. melanogasier. 
Nevertheless it seems worth while to put on record the data obtained with 
simulans. 

The first gynandromorph was obtained, December 13, 1919, from a 
mating of a female, with yellow and rubyoid in one X and tiny-bristle in 
the other, by two rubyoid males. This female and at least one of the 
males were heterozygous for the autosomal recessive eye-color scarlet. 
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The daughters from this mating were 46 wild-type, 47 rubyoid (disregard- 
ing scarlet) and the gynandromorph that is shown in figures 2 and 3. This 
specimen was a wild-type female in all respects except that the right eye 
was partly rubyoid, and some of the head-bristles were smaller than their 
mates and were therefore probably male. The left eye was wild-type, 
there were no sex-combs, and the individual bred as a female. Mated to 
scarlet males it produced 21 wild-type daughters, 20 scarlet daughters, 
8 wild-type (and scarlet) sons, and 18 rubyoid (and rubyoid scarlet) sons. 
The female parts of the gynandromorph thus had one rubyoid (paternal) 
X and one wild-type X that was due to a crossover in the mother, between 
rubyoid and tiny-bristle. The maternal X was eliminated from a cell 
that gave rise to part of the right side of the head. 





FIGURE 2 





FicurEs 2 and 3.—The first gynandromorph discovered in Drosophila simulans. 


The second gynandromorph appeared, January 17, 1920, in a mating 
of two yellow females by two wild-type males. The specimen was wild- 
type female on the right side (no sex-comb, longer wing, female abdominal 
pattern), and yellow male on the left side (sex-comb, shorter wing, male 
abdominal pattern). The genitalia, however, were entirely yellow and 
male. On the right side there was a narrow wild-type-colored sixth dorsal 
abdominal tergite, and the right half of a fifth ventral plate® (also wild- 
type in color), behind which were the male genitalia, normal in structure 
but yellow in color. The incomplete sixth dorsal tergite did not fuse with 
the fifth of the left side, but narrowed to a point near the mid-dorsal line. 
The internal genitalia were male, including two small pale testes. 

The gynandromorph probably resulted from the elimination of a paternal 
X at an early division. 


6 Normal males have only five dorsal and four-ventral abdominal plates aside from the geni- 
tal segments; females have seven dorsal and six ventral ones (see figures in Part III of these 
studies). The fifth dorsal plate of the male bears two pairs of spiracles, and evidently represents 
two fused plates, i.e., it is homologous to both the fifth and the sixth of the female. 
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The third gynandromorph appeared, February 10, 1920, in a culture 
produced by a female with yellow and prune in one X and forked in the 
other, mated to three yellow prune males. The specimen was wild-type 
and female on the right side of the head and thorax (no sex-comb, longer 
wing) and in most of the abdomen. The male parts were yellow (neither 
prune nor forked), and included the left side of the head and thorax (sex- 
comb, shorter wing), and part of the abdomen: The external genitalia 
(ovipositor plate and anal plate) on the right side were wild-type and female, 
and on this side there were the six dorsal tergites of the normal female. 
On the left side there were only five dorsal tergites, and then followed two 
distinct male first genital tergites, both yellow in color. No anal plates 
were observed on this side. The presence of two male parts and one female 
in the external genitalia is distinctly unusual among 
gynandromorphs; and this specimen was also unusual 
in other ways. Dr. J. F. Nonipez dissected it, and 
made the drawing here reproduced (figure 4). The 
uterus-and receptacles were normal female organs, but 
were connected with small testes in which Dr. NoNIDEz 
observed active sperm. The small bodies attached 
below the testes are of uncertain nature, though Dr. 
NONIDEZ states that they looked superficially more like 
ovaries than like the usual accessory glands of the male. 
They were, however, not studied in detail. 

The origin of this gynandromorph presents certain dif- 
ficulties. Since its father was yellow prune, but the 





Ficure 4.—Internal 
female parts were not yellow or prune, the maternal X genitalia of the third 


must have been either wild-type or forked. Further- 8¥2@0dromorph. Dis- 


section and drawing by 


more, this maternal X must have been the one elimi- Dr. J. F. Nowaz 


nated,—yet the male parts included an eye that was not 

prune, though the paternal X certainly carried prune. It seems probable 
that the gynandromorph received two maternal X’s, one yellow and not 
prune or forked (a double crossover), and one either wild-type or forked. 
These X’s may have been in the same nucleus, causing an XXX zygote; or, 
what seems more likely, they may have been in separate nuclei and fertilized 
by separate sperm. ‘These two possible origins have been discussed at some 
length by Morcan and Brinces (1919), so will not be gone into here. The 
fact that this gynandromorph showed extra parts in the external genitalia 
(and perhaps also in the gonads) may perhaps be taken as arguing for the 
double-nucleus origin, but is certainly not conclusive. 
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Another possible interpretation of this gynandromorph is based on the 
assumption that prune, like vermilion in melanogaster (STURTEVANT 1920 b), 
is not self-differentiating. If the color of a prune eye is determined, not 
by the genetic constitution of the eye pigment itself, but by that of some 
other portion of the body, then the present gynandromorph may be 
explained very simply, as being due to the elimination of a maternal X at 
an early division. . 

The fourth gynandromorph appeared, March 17, 1920, in a culture 
produced by a female heterozygous for yellow and for the autosomal 
recessive eye-color plum, mated to a plum male. The gynandromorph 
(figure 5) was anteriorly largely wild-type and female, but was yellow and 
male in part of the thorax and most of the abdomen. The head and legs 
were entirely wild-type and female (no sex-combs). The right side of the 
thorax was entirely wild-type and female, and the right wing was distinctly 
larger than the left. There was a streak of yellow on the left side including 
the left acrostical hairs, dorsocentrals, scutellars, postalars, presutural, 
and the posterior supraalar, but not the other thoracic bristles of the 
left side. The left wing was wild-type anteriorly, yellow posteriorly. 
Apically the dividing line, as shown in the figure, was clearly just anterior 
to the third vein. Basally the division was difficult to determine: the 
two branches of the dotted line in the figure show its possible limits, the 
region between the branches being impossible to identify either as wild- 
type or as yellow. It does not follow that this region was intermediate 
in character, as the differences to be seen in this region between wholly 
yellow and wholly wild-type wings are slight. The whole wing, though 
it included a female anterior margin, was approximately of the size char- 
acteristic of males. The abdomen was yellow and male, except for the 
right half of the first dorsal tergite, which was wild-type and female. The 
individual was found to be sterile as a male. It can easily be accounted 
for by the elimination of a paternal X at an early division. 

The fifth gynandromorph appeared, March 20, 1920, in culture 8362. 
The mother was heterozygous for yellow, and both parents were hetero- 
zygous for the second-chromosome recessive mutant genes plum and 
intersex. There were no traces of these autosomal characters in the 
gynandromorph, but the intersex character (see STURTEVANT 1920 a, and 
Part III of these studies) could have been detected only had genitalia 
been present on the female parts, which was not the case. The gynandro- 
morph was wild-type and female on the left side, yellow and male on the 
right, throughout the body except the external genitalia. These were 
yellow and male on both sides. No spermathecae were present, and gonads 
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were not found on hasty dissection. The gynandromorph evidently arose 
through the elimination of a paternal X at an early division. 

The sixth and seventh gynandromorphs were produced, April 1920, 
by the same culture, which was made up by mating two scarlet (autosomal 
recessive) females to three not-scarlet males. At least one of these males 
was heterozygous for scarlet. No sex-linked mutant genes were present, 
so that no analysis of the origin of the gynandromorphs is possible. 





F'icure 5.—The fourth gynandromorph. The dotted line on the left wing marks the division 
between the yellow and not-yellow portions. 


Number six (found April 5) showed no trace of scarlet. The head, most 
of the thorax, both front tarsi, and the left wing were female. The right 
wing was male. The abdomen was female-colored on the right side, male- 
colored on the left. There were five dorsal abdominal tergites on each 
side; on the right side the fifth one was narrow and had one spiracle, on the 
left it was broad and had two spiracles,—the normal sexual difference. 
There were four ventral abdominal plates, with two more half-plates on 
the female side, these being behind and displaced toward the right side 
of the body. The external genitalia were male, and were twisted around 
so that the dorsal line of the first genital tergite was opposite the lower 
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edge of the fifth dorsal tergite on the left side. A penis, two testes, and 
two male accessory glands were present; there were no ovaries or 
receptacles. 

Number seven (found April 7) was female anteriorly, with no sex-combs, 
and had a female right wing. The left wing was male, as was the abdomen, 
including testes and accessory glands. This specimen had scarlet eyes. 

As stated above, these gynandromorphs do not add materially to the 
conclusions derived by MorGAN and BripcEs from their study of gynandro- 
morphs of D. melanogaster. They serve to bring out again the fundamental 
similarity of the genetic processes occurring in the two species. Aside 
from this their chief interest lies in two specimens,—number three, which 
represents a new example of one or the other of two rare types of gynandro- 
morphs, and was unusual in having three sets of external genitalia instead 
of the usual two; and number four, which is the only Drosophila gynandro- 
morph known to me that has a wing that is a mosaic of male and female 
parts. This last specimen is interesting in that the mosaic wing was male 
in size, instead of being intermediate or of abnormal shape. It indicates 
that the length of the anterior margin of the wing is not self-differentiating, 
but depends upon other factors,—presumably upon the nature of the rest 
of the wing. 


ABSENCE OF GYNANDROMORPHS AMONG THE melanogaster-simulans HYBRIDS 


It seemed not unlikely that irregularities in cell-division might be more 
frequent in the melanogaster-simulans hybrids than in either pure species, 
since it is known that irregular distribution of the chromosomes does occur 
in many species hybrids. One type of irregularity,—viz., the elimination 
of an X chromosome at an early division,—occurs rarely in both species 
and gives rise to gynandromorphs. Morcan and Brinces (1919) have 
shown that in melanogaster such elimination occurs, and causes gynandro- 
morphs that can be detected, in about one out of each 1100 eggs fertilized 
by X-bearing sperm. 

I have examined a few more than 1300 hybrid females, and have carefully 
scrutinized each one with this point in mind, but have found no gynandro- 
morphs at all. Over 400 of these hybrids were heterozygous for yellow, 
a circumstance that makes the detection of gynandromorphs especially 
easy. Many of the others were heterozygous for other sex-linked genes 
that would also increase the likelihood of detection, though to a less extent. 
We may conclude that gynandromorphs are at most not much more fre- 
quent among the hybrids than in pure melanogaster. This constitutes still 
further evidence that the two species have essentially similar germ-plasms. 
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SOMATIC MUTATIONS 


On two occasions variations have appeared in single individuals of D. 
simulans that were to all appearances mutations, but that were not inherited. 
They were probably due to mutation in the somatic tissue of the individuals 
that showed the new characters. The germ-cells had evidently not under- 
gone mutation. 

Culture 7863 contained two yellow carmine scarlet females (of which 
one at least was XXY) and three scarlet males. There were 32 sons, of 
which two were scarlet (due to non-disjunction), and the remaining 30 
were yellow carmine scarlet as expected. The carmine scarlet eye is a 
clear yellow in color; but one of these males had eyes that at first appeared 
to be white. Closer examination showed small patches of yellow color, 
and also showed that the ommatidia were enlarged and somewhat flattened. 
Dr. C. B. BripcEs, who examined the specimen, pro- 
nounced it intermediate between “‘lozenge”’ and “lozenge 
2,” allelomorphic sex-linked mutants of D. melanogaser. 
This male was mated to two forked females, of an un- 
related stock. Seventy-eight daughters and 80 sons 
were produced, one of the sons being a non-disjunc- 
tional exception. None of these showed any trace of 
the unusual character of their father’s eye. The non- 
disjunctional.son, since he had a paternal X, showed 
either that the mutant gene was not sex-linked, or that =... 6 —Tett aie 
not all (and therefore probably not any) of the germ- of somatic mosaic from 
cells of the mutant male carried it. This latter con- culture 8368. The 
clusion was borne out by the fact that seven daughters “wing was made after 

t the specimen was dead, 
of the mutant male were tested, two of them by mating ,,4 most of the hairs 
to their brothers, and all failed to produce lozenge-like and bristles had been 
offspring. It follows that even if the mutation was ‘bbed off. 
not sex-linked, it was not inherited. 

Culture 8368 was made by mating a female with yellow and carmine in 
one X and forked in the other, to four yellow carmine tiny-bristle males. 
Among the 115 sons of the expected classes was one that was yellow forked, 
and had a wild-type right eye. The left eye (figure 6) was a mosaic of 
the wild-type color and white. This male was mated to three females of 
a wild-type stock, and produced 53 wild-type offspring. Five females 
from this last culture were mated individually to brothers, and produced 
from 35 to 116 offspring each. These included the expected classes with 
respect to yellow and forked, but all had wild-type eyes. The white color 
present in the original male was therefore not inherited. 
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In both the cases just described it is possible that we are dealing not with 
mutations but with accidents of development, due perhaps to injury. 
The nature of the characters concerned, and their resemblance to known 
mutant characters of melanogaster, makes it more probable that they are 
examples of somatic mutation. 


SUMMARY 


1. Seven sex-linked mutants of Drosophila simulans are described. All 
strongly resemble known sex-linked mutants of D. melanogaster. 

2. Six of these have been tested for allelomorphism with the correspond- 
ing melanogaster types, by crosses. 

3. Yellow, prune, rubyoid, carmine, and forked simulans are shown to 
be allelomorphic to yellow, prune, ruby, garnet, and forked melanogaster, 
respectively. 

4. Tiny-bristle simulans is not allelomorphic to tiny-bristle melanogaster, 
though strikingly similar to it. 

5. A map of the simulans X chromosome is based on the crossing-over 
relations of these sex-linked mutations. 

6. The sequence of the five allelomorphic mutations in simulans and 
melanogaster is the same in the two species, but the amount of crossing over 
is not identical. 

7. The coincidence values for the two species are similar. 

8. Non-disjunction occurs in simulans. The percentage of secondary 
exceptions observed was 2.9. 

9. Seven gynandromorphs are described. These fit in with the con- 
clusions reached through studies on melanogaster gynandromorphs. 

10. Gynandromorphs are at most not significantly more frequent among 
the melanogaster-simulans hybrids than in pure melanogaster. 

11. Two somatic mutations in simulans are described. Each resembled 
a known mutation of melanogaster, and neither was inherited. 
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APPENDIX—X-CHROMOSOME MAPS OF virilis AND funebris 


Metz (1918) has published data on the sex-linked mutant genes of 
Drosophila virilis Sturtevant.. Two of the mutant characters, yellow and 
forked, appear very similar to the characters of the same names in melano- 
gaster and simulans. Since virilis, which is a very distinct species, cannot 
be crossed to either of these, it is not certain that we are here dealing with 
identical loci. However, there is much evidence that strongly suggests 
such to be the case. The characters are closely similar in the three species; 
the evidence from melanogaster and simulans shows that in those species 
the two loci are relatively highly mutable, so that they might be expected 
to mutate also in a third species; and the positions occupied by the two 
loci in the virilis map are about the same as those established in melano- 
gaster and simulans. The data presented by MEzz indicate that the yellow- 
forked distance is about 56,—a strikingly close approximation to the 
values (56.3 and 57.8) obtained for the other two species. 

I have published elsewhere (StuRTEVANT 1918) an account of notch, a 
parallel mutation in D. funebris Fabricius. As was pointed out in that 
paper, notch funebris and notch melanogaster are alike in so many respects 
that there can be little doubt that they are allelomorphs, even though 
the two species cannot be crossed. Since then I have obtained a forked 
mutation in funebris. This character is strikingly similar to the forked 
known in virilis and to those in melanogaster and simulans. Forked 
funebris and forked virilis agree in that the marginal hairs of the wings 
stand out almost at right angles to the wing-margin itself, instead of lying 
nearly flat along the wing margin as they do in wild-type flies. This pecu- 
liarity is also present in forked melanogaster and simulans, but is much less 
marked, i.e., the angle is decidedly less than 90°. It is probable that forked 
funebris is allelomorphic at least to forked virilis, though here again the 
two species cannot be crossed. 


Genetics 6: Ja 1921 











64 A. H. STURTEVANT 


Tests of the linkage between notch and forked in funebris have given 
931 crossovers among 3198 flies, a crossover percentage of 29.1. Allowing 
for about the amount of double crossing over usual in melanogaster, we 
may provisionally map the two loci about 32 units apart. Notch in melano- 
gaster being a little less than 4 units from yellow, the position of forked in 
funebris becomes approximately 36, as opposed to 56.3 in. melanogaster, 
57.2 in simulans, and about 56 in virilis. There are several possibilities 
of error in this calculation for funebris; but taken at its face value it indi- 
cates much less crossing over in the X chromosome of funebris than in 
those of the other three species. This result is rather unexpected, in view 
of Metz’s (1916) observation that what is presumably the X chromosome 
of funebris is, cytologically, much longer in proportion to the rest of the 
chromatin than is the X of melanogaster or of virilis. Of course, since 
MEtTz’s observations are based on chromosomes in the contracted stage, 
it is possible that the finely spun-out growth-stage chromosomes do not 
show a disproportion in this direction. Even if they do it is quite possible 
that other factors act to decrease the amount of crossing over in funebris. 
In any case, speculation along these lines is rather futile until more infor- 
mation concerning the funebris map is available, i.e., until more sex-linked 
mutants are discovered and studied.’ 


7 Since the above was written a mutant gene lying at least 45 units to the right of forked 
has been studied in funebris. The discussion given needs revision accordingly. 
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INTRODUCTION 


This paper concerns the origin and genetic behavior of four different 
body colors, which have manifested themselves in my cultures of the so- 
called “four-spotted cowpea-weevil,” Bruchus quadrimaculatus, Fabr. The 
inheritance of these colors involves both allelomorphism and sex-limited 
inheritance. These colors, red, black, white, and tan, are more apparent 

1 Contribution from the Zodlogical Laboratory of the Unrversiry oF OkLAHoMA. The 


experiments, however, were carried on at WESTERN RESERVE UNIVERSITY and, in part, at the 
BroLocicaL LABoraTory, Cold Spring Harbor, Long Island. 
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in the females, and less conspicuous in the males, because the latter usually 
have tan elytra. The males, however, carry the color factors, although 
they are not manifested to such a marked degree somatically. Experi- 
ments prove that these four color types compose a multiple allelomorph 
system, and that they also form an epistatic series. The order of dominance 
is red, black, white and tan. 

During a search for insects which might be favorable for genetic studies, 
the possibilities of the Bruchidae were considered because several species 
were known to breed readily in stored seed and to produce several genera- 
tions each year. The first experiments with these insects involved a culture 
of Bruchus obtectus, Say., the “common bean-weevil,”’ but these were given 
up because it was too difficult to distinguish the sexes. It was difficult to 
obtain living cultures of the so-called “cowpea-weevil,”’ Bruchus chinensis, 
Linn., but it was comparatively easy to procure living Bruchus quadrimac- 
ulatus, Fabr. 

Several reasons may be given why these beetles are adapted for a study 
in genetics. It is not necessary to etherize them because they letisimulate 
when poured out of a culture bottle. Likewise, they breed rapidly and 
may produce a generation within twenty-five days if the temperature is 
maintained at 30°C, and the relative humidity at about 80 percent. Lastly, 
these weevils will breed on any species of cowpea, and bottles of any size 
may be used as containers. 


LIFE HISTORY AND DISTRIBUTION 


The adults deposit their eggs on the surface of the cowpea. A few days 
after oviposition the young larva emerges through an opening which it 
makes in the under side of the egg; it then burrows into the seed, where 
it feeds until it reaches the pupa stage. It requires about two weeks for 

the white, legless larva to attain full growth. At the end of about twenty 
days from time of egg-deposit the pupa state is reached, and this lasts 
about five days. At first the pupae are white, but after a few days they 
change to a light tan color. The adult insect emerges through a circular 
opening which it makes with its jaws. Usually within one day after emer- 
gence, the beetles mate and the females lay their eggs. 

Since its introduction, this insect has become widely distributed through- 
out the United States, Mexico, Brazil, the West Indies, and other warm 
countries. CHITTENDEN (1898) believes that it is probable that this insect, 
with its preferred food plant, the cowpea, was introduced from the orient. 
The weevil is found wherever its food plant grows. It will also breed 
in stored seed if the proper environmental conditions are furnished. 
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METHODS OF THE EXPERIMENT 


The Whippoorwill variety of the cowpea was used for food because it 
can be obtained at almost any seed store. This seed was put in flasks 
plugged with cotton and sterilized in an autoclave, to make certain the 
destruction of any eggs or larvae or adults which might contaminate the 
experiment. The seeds were then put into bottles which had been boiled 
for more than twenty minutes, after which they were plugged with cotton, 
preparatory to their use as breeding chambers. It was found that this 
species is subject to the attack of the mite, Pediculoides venirocosus, New., 
which destroys larvae and adults, but this parasite is easily. controlled by 
the sterilization of the food and bottles. One pair of beetles was placed 
in each container and left until the young emerged. An oven regulated 
by a thermostat was used to maintain the desired temperature and great 
care was exercised to keep the proper humidity. The humidity when in 
excess, affects injuriously both cowpeas and weevils, while if the air is too 
dry the adults may die, or the eggs, larvae or pupae may be destroyed. 
A relative humidity of 80 percent proved the most satisfactory. Fresh 
cowpeas are absolutely essential. The stock cultures were carried on by 
placing ten females and ten males in a bottle. Virgin females may be 
obtained by opening infested seed or by using females that have emerged 
within twelve hours. It is a simple matter to distinguish males from 
females because of the remarkable sexual dimorphism exhibited in this 
species. 


ORIGIN OF TYPES AND MUTANTS 


The insects used were received from the TExAS AGRICULTURAL EXPERI- 
MENT STATION. They were permitted to interbreed for several generations, 
to determine their genetic potentialities. The body color of this wild stock 
in both males and females was tan. In the fourth generation a red female 
was observed; in the sixth generation a black female was discovered; and 
a white female appeared in the ninth generation. Other cultures of Bruchus 
from different parts of the United States have been examined for these 
types. Professor Z. P. Metcatr of the NortH CAROLINA AGRICULTURAL 
EXPERIMENT STATION sent stock which already contained several red 
females and black females, but the tan or wild type greatly predominated. 
No white mutant originated during more than twenty-three generations. 
The North Carolina red type and black type were isolated and were found 
to have the same genetic behavior as the reds and blacks which had appar- 
ently appeared as mutants in the wild stock that came from Texas. Dur- 
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ing the summer of 1918, Adzuké beans which were badly infested with this 
weevil were obtained through the kindness of Dr. A. F. BLAKESLEE, but 
his stock, when examined, was all tan, and no evidence of any mutant was 
found during thirteen generations. Infested cowpeas which had been 
purchased at a seed store in New York City, contained, among several 
hundred individuals, two black females. 


DESCRIPTION OF SPECIES: THE ORIGIN OF THE FOUR*COLOR FACTORS 


The family Bruchidae comprises three genera of insects: Spermophagus, 
Caryoborus, and Bruchus. Horn’s (1873) description of Bruchus quadri- 
maculatus, Fabr. follows: 


“Elongate oval, moderately shining. Beneath equally clothed with whitish 
pubescence. Elytra ferruginous or pale brown with large lateral spot and apex 
broadly black. Head dark brown or black, densely punctured, front sub-cari- 
nate. Antennae as long as head and thorax, serrate in both sexes, four basal 
joints pale rufous, outer joints dark and nearly black. Thorax trapezoidal, broader 
at base than long, sides distinctly arcuate, base trisinuate, basal lobe emarginate 
and clothed with whitish hairs; color variable from ferruginous to black, coarsely 
punctured, subgranulate and feebly shining, sparsely clothed with cinereous 
hair. Scutellum with median impressed line and clothed with whitish hair. 
Elytra broader at base than thorax and longer than wide, sides feebly arcuate, 
humeri moderately prominent; striae punctured, intervals flat, densely punctu- 
late; color ferruginous with large lateral spot and apex black, clothed with whit- 
ish and cinereous pubescence. Pygidium nearly black with medium line of 
whitish pubescence. Body beneath piceous, densely punctulate and sparsely 
but evenly clothed with cinereous hairs; abdomen pale brown. Anterior and 
middle legs pale rufous, hind legs pale brown. Hind femora armed with an 
acute tooth on the inner side and a broad triangular tooth on the outer side. 
Length. 3-4.5 mm.” 


No specific mention has been made in the literature indicating the 
existence of different types in this species, yet CHITTENDEN (1898) in 
describing this insect states that the ground color is black, with black, gray, 
and white pubescence, and WADE (1919) writes that. there is an exceedingly 
wide range of color, which varies from a dark or almost black, to brown 
or reddish brown. 


DESCRIPTION OF TYPES 
The tan type or wild form 


The tan female has two black spots near the base of the elytra, similar 
to those in the red and the white types. The entire body is tan with the 
usual white-hair distribution. The pronotum and head are black, but the 
antennae are tan. In size it is smaller than the black mutants but larger 
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than the reds and whites. The male is likewise tan except for the pronotum, 
head, and eyes, which are black. He has no spots on his elytra. Short 
white hairs cover the dorsal and ventral sides. The male and female 
correspond in color to RipGEway’s “testaceous.” In crosses with either 
red, black or white, tan is recessive. The formula is rr, which represents 
male and female of the wild type. 


The red type or mutant 


The first appearance of the red type occurred in the fourth generation, 
where it was discovered in the wild stock which had been bred in large 
numbers. In this type the females are red and the males vary from light 
red to tan. It required several generations before a type which bred true 
was segregated. This was accomplished by mating the first red female 
with a male of the wild stock, although it was doubtful whether this female 
was a virgin. The F; from this cross produced fifty-three red females and 
fifty-seven males which varied from light red to tan. This indicated that 
red was dominant to tan in the females. Ten males and ten females of 
this F, generation were inbred. They produced 138 red females, 57 tan 
females and 221 tan males in the F, generation. This further indicated 
that red is dominant to tan for the females. The next procedure was to 
obtain fifty virgin females and to mate them separately with F, males. 
Each pair was placed in a separate bottle. Only two pairs bred true to 
the red type. Since the other cultures produced both red and tan females, 
they were discarded. 

The entire body of the red female is red except for the head and eyes, 
which are black. Her elytra are also red either with or without markings. 
Her color resembles RIDGEWAY’s “Hessian brown,” but our common hazel- 
nut approximates the color more closely. The elytra of the male and his 
entire body are of a red-tan color, except that his head and pronotum are 
) black. It is evident that the sex-limited traits are least conspicuous for 
| this type than for any other. 

This red mutant was discovered first and since it belongs to a multiple 
allelomorph series, it seems advisable to use RR, as the formula for this 
type in both sexes. The red type is dominant to either the black, the white 
or the tan types, and it can be the allelomorph of any other color factor. 


The black type or mutant 


, When the black female, which was first discovered in the sixth generation 
> of the wild or tan stock, was mated with a tan male of the wild stock, the 
r offspring consisted of 27 black females and 29 tan males. These F; indi- 
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viduals produced 153 black females, 61 tan females and 201 tan males. The 
result indicates that black is dominant to tan in the females. After many 
attempts, a homozygous strain for the black type was isolated. It has been 
bred true for more than forty generations. The black female differs from 
the tan female by being pure black in color and larger. The male of the 
black type differs from that of the tan male by being gray underneath and 
by having a black body. Tan predominates in the elytra of the male of 
the black type, and is similar to the tan of the wild type. Consequently, 
there is marked sexual dimorphism in the black type. It is advisable to 
use R°R® to indicate this mutant for both sexes, because it was the second 
mutant discovered in the multiple allelomorph series. The results will 
prove that black is dominant to either white, or tan, but recessive to red. 


The.white type or mutant 


The white female made her appearance in the ninth generation of inbred 
wild stock. This white female was mated with a tan male of the pure tan 
stock. Four white females and seven tan males were procured. In the 
F, generation these produced 15 white females, 8 tan females, and 32 tan 
males. This indicated that white is dominant to tan in the females. Sev- 
eral F; pairs were mated, using virgin females, and after several cultures 
one of the pairs bred true for white. This stock has been bred homo- 
zygously for about thirty generations. 

The female of the white type is covered with white pubescence, except 
for the head, pronotum and antennae, which are black. Her elytra may 
manifest two or more black spots. The male is gray in color except for 
his elytra which are of a light tan color. White is dominant to tan, but 
recessive to red or black. The formula used is R’R”. It is a third member 
of the multiple allelomorph series. 

With reference to size differences, the females are usually larger than the 
males in all four of the types. The adults vary in length from 3 to'5 mm. 
The black mutants are the largest and the white ones the smallest. The 
red mutant is larger than the tan or wild type, and both fall between the 
black and the white types. 


THE FORMULAE 


The formulae used in this paper are adapted to meet the experimental 
results obtained. Since no geneticist has developed formulae to account 
for the modifications necessitated by the sex-limited traits involved, the 
formulae used by MorcaNn and Brinces (1913) are adapted here. The 
proposed formulae are as follows: 
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Females Males 
Red type RR (red elytra and body) RR (reddish tan elytra and body) 
Black type RR? (black elytra and body)  R>R® (tan elytra, dark gray body) 
White type RR» (white elytra and body) RR» (light tan elytra, gray body) 
Tan or wild type rr (tan elytra and body) rr {tan elytra and body) 


THE EXPERIMENTAL RESULTS 


Introduction 


In the tests and tables which follow all the males are classified: as tan, 
because the elytra of the male usually resembles the tan of the wild type. 
But the body colors do show differences. Males of the red type usually 
manifest a red tinge; the black ones, too, show some black pubescence, 
and the white males are gray in color. 

The first six tests (tables 1 to 12) deal with crosses involving these four 
factors. They prove that any color factor may pair with any other of this 
series as an allelomorph. The results from these six tests should prove that 
the dominant females, the recessive females, and the (tan) males in every 
instance, approximate a 3:1:4 phenotypic ratio in the F; generation. The 
tests 7 to 13 give the results obtained from various back-crosses. They 
prove that the color factors are carried by the males as well as by the 
females. The data to further prove that these factors form a multiple 
allelomorph system are given in tests 13 to 26. 


The heredity of red, black, white and tan types involving one pair of faciors 


Conclusions from mass cultures (tests 1-6; tables 1-12) 


The first six tests show that, when any two factors for the four body 
colors are brought together in pairs, Mendelian segregation takes place, 
and further, the order of dominance is red, black, white and tan. When 
two individuals, each carrying a different color factor, are crossed, their 
F, offspring approximate a 3:1:4 phenotype ratio. 
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TABLE 1 

Test 1 

red 9 (RR) X tan o (R°R®) of the black type. 
red 9 (RR*) X tan co (RR?°). 

3 red 2 (RR, RR®, RR®):1 black 9 (R°R*):4 tan co (RR, RR’, RR’, RR?) 


x 
































F2 

¢ tan Q red Q black ¢@ tan 
35 70 9 74 
77 109 35 129 
28 5 8 88 
23 155 2 216 
51 289 96 351 
52 299 99 320 
19 133 45 183 
86 310 106 391 
88 418 140 599 
35 240 47 267 
3 13 6 17 
55 532 176 771 
27 366 130 460 
48 532 178 683 
29 176 40 254 
34 231 69 326 
22 657 215 881 
15 286 93 364 
14 336 111 339 
76 551 183 761 
4 51 21 70 
54 495 173 748 
25 390 183 525 
23 307 101 407 
923 6992 2335 9224 
887 6957 2319 9276 








2 The number in parentheses indicates the number of each sex used in the mass culture. 
Cultures not thus marked are from single pairs. 








P, = black 9 (RR*) X tan o of the red type (RR); F: and Fy as in table 1. 
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PEDIGREE NUMBER 




















724 











Q red Q red Q black ¢ tan 

27 (2) 33 29 151 49 149 
41 19 21 144 56 174 
51 (5) 40 40 393 127 504 
59 (5) 49 46 217 76 305 
63 (6) 44 42 242 80 345 
96 (3) 21 24 80 30 82 
111 29 26 132 44 199 
131 (5) 105 115 461 154 685 
149 22 20 165 58 246 
187 12 11 49 17 68 
251 13 12 163 67 249 
252 21 25 506 171 706 
255 27 28 328 125 428 
306 (2) 68 73 429 163 546 
307 (2) 57 60 570 198 662 
312 (2) 76 57 546 160 636 
314 24 37 186 61 208 
315 21 15 227 68 293 
317 25 28 314 69 324 
318 15 17 659 139 772 
DONS a Sis a ikon c 721 5863 1912 7581 
Calculated.......... 724 5758 1920 7678 
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TABLE 3 
Test2 







































P; = red 2 (RR) X tan of of the tan type (rr). 
F, = red 9 (Rr) X tan o (Rr). 
F, = 3 red 9 (RR, Rr, Rr):1 tan 9 (rr):4 tan o& (RR, Rr, Rr, rr). 
Fi F: 
PEDIGREE NUMBER 
Q red ¢o tan 9 red Q tan o tan 
3 53 57 138 . 61 221 
19 13 18 114 39 185 
52 37 35 191 69 251 
56 (5) 49 44 220 85 311 
86 (4) 20 22 58 21 68 
102 15 14 57 23 99 
104 30 33 153 98 254 
144 34 31 386 110 519 
145 32 32 330 112 482 
146 26 45 126 48 199 
147 31 32 231 78 338 
210 22 19 58 22 83 
214 1 6 6 1 7 
216 24 25 141 36 201 
330 27 26 324 134 482 
331 15 18 215 73 316 
350 25 22 595 119 721 
352 22 29 290 90 381 
a Res ae acts 476 508 3633 1218 5118 
Calculated.......... 492 492 3738 1246 4984 
TABLE 4 


P; = tan 9 (rr) X tan o of the red type (RR); F: and F; as in table 3. 


Test 2 









PEDIGREE NUMBER 


Fi F: 






































P: = black 9 (R°R*) X tan o (rr) of the tan type. 


TABLE 5 
Test 3 


F; = black 9 (Rr) X tan o* (Rr). 
F, = 3 black 9 (R°R®, Rr, Ror):1 tan Q (rr):4 tan o (R°R®, Ror, Rey, rr). 


















































Fi F: 
PEDIGREF NUMBER 
Q black ¢@ tan 9 black 9 tan ¢ tan 
6 27 29 153 57 201 
11 a 12 33 12 49 
35 (4) 22 22 178 60 272 
36 (4) 24 21 78 24 153 
38 (4) 53 57 230 63 274 
46 (5) 48 38 175 60 244 
48 (4) 12 6 42 22 63 
54 (5) 48 51 164 44 176 
60 (5) 52 50 244 96 325 
66 (5) 87 86 436 195 668 
105 31 31 104 51 151 
134 19 36 243 81 308 
136 20 22 278 94 330 
211 18 18 68 29 93 
213 (2) 49 48 176 60 191 
310 20 30 285 100 339 
313 21 19 237 77 275 
323 16 18 222 71 326 
325 11 12 240 86 353 
, ree 582 606 3586 1282 4791 
Calculated.......... 594 594 3622 1207 4830 
TABLE 6 
Test 3 
P, = tan 9 (rr) X tan co” (RR) of the black type; F: and F, as in table 5. 
Fi F: 
PEDIGREE NUMBER 

9 black o tan @ black @ tan ¢ tan 
37 (3) 48 62 181 65 239 
47 (3) 21 25 69 23 94 
49 (3) 14 21 23 8 21 
55 (5) 10 19 31 9 45 
57 (5) 68 71 230 98 341 
61 (5) 15 13 52 18 84 
67 (4) 39, 39 97 31 138 
97 (3) 20 17 102 37 113 
132 33 25 272 82 230 
137 27 26 91 20 126 
223 13 14 274 61 328 
224 3 4 86 4 81 
225 18 19 122 41 200 
MC ia oiaeals eee 329 355 1632 497 2040 
Calculated.......... 342 342 1563 521 2085 
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TABLE 7 
Test 4 
Pi = red 9 (RR) X tan o& (R”R”) of the white type. 
F, = red 9 (RR”) X tan co (RR*). 
F, = 3 red 9 (RR, RR”, RR”):1 white 9 (RYR”):4 tan + (RR, RR”, RR”, RYR*). 
Fi F2 
PEDIGREE NUMRER 
Q red ¢ tan Q red Q white o' tan 
7 10 10 47 * 42 61 
83 11 12 63 30 95 
87 (2) 24 18 129 64 195 
89 (3) 37 33 220 74 301 
100 13 18 37 14 54 
156 25 26 276 92 383 
157 26 23 233 81 311 
158 30 32 118 37 163 
159 2 4 37 14 52 
160 23 27 77 23 106 
161 32 39 301 114 416 
162 28 26 80 28 108 
231 15 14 94 33 147 
232 32 33 455 152 603 
234 35 31 319 146 472 
235 30 32 199 77 376 
348 47 40 686 262 980 
EE Aa ae 420 418 3371 1253 4817 
eee 419 419 3540 1180 4720 
TABLE 8 
Test 4 
P: = white 9 (RYR”) X tan o (RR) of the red type; F: and F, as in table 7. 
Fi F2 
PEDIGREE NUMBER 
9 red o tan Q red Q white o tan 
70 (2) 23 26 69 22 92 
163 11 9 70 24 88 
164 20 13 132 62 311 
166 27 19 283 85 323 
171 2 1 3 1 7 
172 20 34 94 22 161 
178 34 21 135 47 190 
201 2 2 8 3 14 
203 10 11 31 12 60 
229 3 2 42 16 51 
303 8 15 56 15 49 
MRS is tera Gites is 160 153 923 309 1346 
Calculated.......... 156 156 967 322 1289 




















TABLE 9 
Test 5 
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P; = black 9 (R°R*) X tan & (R”R”) of the white type. 
F, = black 9 (R°R”) X tan co (R°R”). 
F, = 3 black 9 (R°R®, RR”, R’R”):1 white 9 (RYR”):4 tan of (R°R®, RR”, RR”, RYRY). 





BRUCHUS 
































Fi F: 
PEDIGREE NUMBER 
Q black o tan Q black 2 white of tan 
74 (5) 43 42 118 31 79 
90 (3) 23 17 66 27 82 
91 (3) 62 54 187 57 228 
92 (3) 22 34 128 42 171 
173 33 32 122 40 180 
177 29 30 12 2 15 
186 17 21 117 33 141 
199 15 6 207 36 208 
249 25 16 308 135 427 
ae 292 272 1413 502 1766 
Calculated...... | 282 282 1227 409 1636 
TABLE 16 
Test 5 


Pi: = white 9 (R”R”) X tan o (R°R®) of the black type; F: and F2 as in table 9. 
































Fi F: 
PEDIGREE CULTURE 
9 black ¢@ tan @ black ¢ white of tan 
72 (2) 25 27 45 8 52 
73 (4) 17 18 5 1 4 
93 (3) 14 16 50 17 46 
94 (3) 36 39 47 23 48 
246 at 127 37 105 
247 3 1 25 13 44 
284 9 10 122 45 168 
289 15 10 56 17 78 
339 Sah e 89 35 115 
| 
Totals......... | oo 6 566 196 660 
Calculated... | s7 | 147 574 | 158 732 
Genetics 6: Ja 1921 








J. K. BREITENBECHER 


TABLE 11 
Test 6 



















































Pi = white 9 (RYR”) X tan o (rr) of the tan type. 4 
F; = white 9 (R“r) X tan o (R”r). 
F, = 3 white 2 (RY’R”, R”r, R“r):1 tan 9 (rr):4 tan @ (R*R*, Rr, Rr, rr). 
Fi F2 
PEDIGREE NUMBER 
2 white o tan Q white ° 9 tan o tan 
22 3 3 21 16 21 
75 (3) 20 24 124 28 155 
76 (4) 20 19 111 49 175 
218 13 8 55 20 86 
270 5 6 13 4 19 
271 1 12 91 20 133 
274 19 17 179 52 273 
I aa as oct oeuse 81 89 594 189 862 
Calculated. .......-.. 85 85 618 206 824 










TABLE 12 
Test 6 


P; = tan 9 (rr) X tan o& (RYR) of the tan type; F: and F; as in table 11. 

































Fi F2 
PEDIGREE NUMBER 
Q white o tan @ white Q tan ¢ tan 

78 (4) 34 31 48 22 60 

81 (4) 17 12 35 11 34 

206 22 28 83 20 125 
Ts: 664 ox cee 73 71 166 53 219 

ere Sate nah 72 165 
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Back-cross tests and the heredity of the four body colors 


Conclusions from back-cross tests (tests 7 to 13; tables 13 to 19) 


These crosses show that any two of the four color factors may stand in 


relation of allelomorphs to each other. 
the order of dominance, as previously given, is red, black, white, and tan. 
Polymorphism and sex-limited inheritance are also manifested. The 
following tests give further proof. 


TABLE 13 


The results also demonstrate that 


Test 7: Red, heterozygous for red and white, by homozygous red. 















































P; = red 9 (RR”) X tan o (RR) of the red type: five pairs mated. 
F, = red 9 (RR, RR”, totals 148): tan o& (RR, RR”, totals 121). 
Reciprocal cross 
P: = red 9 (RR) X tan o (RR) of a red-white combination: five pairs mated. 
F, = red 9 (RR, RR“; totals 166):tan o& (RR, RR“; totals 163). 
TABLE 14 
Test 8: Red, heterozygous for red and white, by homozygous white. 
P; = red 2 (RR) X tan o (R“R~) of the white type. 
F; = 1 red 9 (RR”):1 white 9 (RYR):2 tan o& (RR”, R°R*). 
CULTURE NUMBER RED 9 (RRw) WHITE 9 (RY Rw) TAN co" (RRY, R° Re) 
1046 16 19 Ad 
1054 2 6 5 
1055 9 6 15 
1056 5 9 5 
1057 18 11 49 
Ee erga 50 51 111 
ee rrr 53 53 106 
Reciprocal cross 
P: = white 9 (RYR”) X tan co (RR”) of a red-white combination. 
F, = Same as above. 
CULTURE NUMBER RED ? (RRY) WHITE 9 (Rv Rw) TAN oh’ (RR*, RY RY) 
2031 13 15 29 
2036 26 22 44 
2037 5 4 21 
15611 6 11 14 
15612 3 1 5 
16170 9 8 11 
WE ntewarvenceeks 62 61 124 
I 6555 twseus 62 62 124 
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Test 9: Red, heterozygous for red and black, by homozygous black. 
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P, = red 9 (RR°) X tan o (RR) of the black type. 
F, = 1 red 9 (RR®):1 black 9 (R°R*):2 tan & (RR®, RR). e 
CULTURE NUMBER RED 2 (RR?) BLACK 9 (RR?) TAN co" (RR?, RR) 
1012 29 31 26 
1013 16 21 42 
1014 12 24 53 
1029 30 22 25 
1030 19 26 45 
1031 18 19 39 
1032 3 1 1 
1047 12 18 25 
1048 20 10 28 
1521 7 5 15 
1536 20 21 42 
1577 22 28 25 
ee ee eee ree 208 226 368 
| eee 201 201 2 














F, = Same as above. 


Reciprocal cross 
P; = black 9 (R°R®) X tan co (RR°) of a red-black combination. 











CULTURE NUMBER RED 9 (RR?) BLACK 9 (RR?) TAN ot (RR, ROR?) 
1311 2 3 1 
1004 10 8 41 
1008 14 16 26 
1026 44 42 106 
1027 23 13 49 
1028 19 18 35 
1029 22 21 39 
CO ee eee 134 121 297 
Peers 138 138 276 





























TABLE 16 


Test 10: Black, heterozygous for black and tan, by homozygous tan. 
P, = black 9 (Rr) X tan o& (rr) of the tan type. 
F; = 1 black 9 (R°R):1 tan 9 (rr): 2 tan o (Rr, rr). 


| 











CULTURE NUMBER BLACK 9 (Rr) | TAN Q (rr) TAN o" (Rr, rr) 
1023 13 18 47 
1362 33 31 
1377 29 22 43 
1379 13 17 32 
gre. 5 kkk s vt 88 88 186 
ee eee 90 90 180 














F, = Same as above. 


Reciprocal cross 
Pi: = tan 2 (rr) X tan o& (R°r) of a black-tan combination. 















































CULTURE NUMBER BLACK 9 (Rr) TAN @ (rr) TAN o (Rr, rr) 
1345 3 8 17 
1347 2 5 14 
1365 3 1 2 
1367 7 4 9 
13611 9 11 21 
13614 6 4 11 
IC Seb Fans east 32 33 64 
ree 32 32 64 
TABLE 17 
Test 11: Black, heterozygous for black and white, by homozygous white. 
P, = black 2 (R’R”) X tan co (RYR™) of the white type: 
F; = 1 black 9 (R°R”): 1 white 9 (R’R”): 2 tan o& (RR, RYR”). 
CULTURE NUMBER BLACK Q (R>Rv) WHITE 9 (RvR) TAN co’ (ROR, Rv Rw) 
1041 14 12 30 
1042 12 10 19 
1043 16 22 36 
1044 18 16 33 
1045 12 13 35 
WMS Oe nk os Kaaaass 72 73 153 
Pee 74 74 148 
Reciprocal cross 
P; = white 9 (RY’R”) X tan o& (R°R”) of a black-white combination. 


F, = Same as above. 





CULTURE MUMBER 


BLACK 9 (R>Rw) 


WHITE 9 (Rv Rw) 


TAN o (RORw, Rv Rv) 








1993 5 6 12 
2005 17 18 33 
2006 22 19 39 
2007 24 27 52 
2008 19 20 38 
WS Os Nae iddia plows 87 90 174 
ee ee 88 88 176 
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TABLE 18 






Test 12: White, heterozygous for white and tan, by homozygous tan. 
P; = white 9 (R“r) X tan oc (rr) of the tan type. 


































F: = 1 white 9 (R”r):1 tan 9 (rr): 2 tan o& (Rr, rr). 
CULTURE NUMBER WRITE 9 (Rvr) TAN Q (rr) TAN oc! (RY, rr) 
1058 15 15 29 
1060 10 11 23 
2016 19 20 40 
2017 8 9 18 
2018 13 12 24 
5 REE Rae rates 65 67 134 
Calculated. .......... 67 67 134 









F; = Same as above. 


Reciprocal cross 


P; = tan 9 (rr) X tan co (R“r) of a white-tan combination. 














































































F, = Same as above. 


CULTURE NUMBER WHITE 9 (Rr) TAN 9 (rr) TAN o' (Rr, rr) 
1034 3 4 6 
1036 6 13 19 
2019 10 6 19 
2020 16 17 34 
1049 12 11 22 
NG ed oh een ees 47 51 100 
ere 50 50 100 
TABLE 19 
Test 13: Red, heterozygous for red and tan, by homozygous tan. 
P: = red 9 (Rr) X tan co (rr) of the tan type. 
Fi = 1 red 9 (Rr): 1 tan 9 (rr): 2 tan o@ (Rr, rr). 
CULTURE NUMBER RED 9 (Rr) TAN @ (rr) TAN co (Rr, rr) 
2031 15 16 32 
2032 19 18 35 
2033 10 9 20 
2034 17 19 36 
2035 20 21 42 
We wa cceceeucee. 81 83 165 
er ere 82 82 164 
Reciprocal cross 
P; = tan 9 (rr) X tan co (Rr) of a red-tan combination. 





























CULTURE NUMBER RED 2 (Rr) TAN @ (rr) TAN co (Rr, rr) 
2036 21 20 42 
2037 18 19 37 
2038 14 12 25 
2039 12 13 24 
2040 16 16 31 
ree 81 80 159 
eee 80 80 160 
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The genetic behavior of hybrid crosses involving three factors in relation to a 
multiple allelomorph series 


Conclusions based on the preceding crosses involving three color factors 
(tests 13 to 24; tables 20 to 30) 


When a Bruchid which is heterozygous for any two color factors, is mated 
with a homozygous individual carrying a third color factor, the progeny 
will approximate a 1:1 ratio or a 1:1:2 ratio. These ratios are, of course, 
typical sex-limited ones. 

This group of tests furnishes proof that the four color factors form a 
system of multiple allelomorphs, for it is evident that only two of these 
factors can exist at any one time in any one individual, and since the elytra 
colors are sex-limited, they are not manifested in the males. 


TABLE 20 
Test 14: White, heterozygous for white and tan, by homozygous red. 





P; = white 9 (R“r) X tan co (RR) of the red type; two pairs mated. 
F; = 1 red 9 (RR”, Rr; totals 32):1 tan @ (RR”, Rr; totals 31). 
Reciprocal cross 
P; = red 9 (RR) X tan o (R“r) of a white-tan combination; five pairs mated. 
F; = 1 red 9 (RR”, Rr; totals 93):1 tan o (RR”, Rr; totals 68). 





TABLE 21 
Test 15: Black, heterozygous for black and whiie, by homozygous tan. 





P: = black 9 (R°R”) X tan co (rr) of the tan type; six pairs mated. 

F; = 1 black 9 (R°r; totals 75):1 white 9 (R“r; totals 96):2 tan o (Rr, Rr; totals 184). 
Reciprocal cross 

P; = tan 9 (rr) X tan co (R°R”) of a black-white combination; seven pairs mated. 

F, = 1 black 2 (Rr; totals 50):1 white 9 (R“r; totals 50):2 tan o (Rr, Rr; totals 74). 





TABLE 22 
Test 16: Black, heterozygous for black and tan, by homozygous white. 





P; = black 9 (Rr) X tan co (R*R”) of the white type; six pairs mated. 
F, = 1 black 9 (R°R*; totals 122):1 white 9 (Rr; totals 121):2 tan oc (R°R”, Rr; totals 
248). 
Reciprocal cross 
P,; = white 9 (RYR”) X tan o (R°r) of a black-tan combination; two pairs mated. 
F, = 1 black 2 (R°R™; totals 36):1 white 9 (Rr; totals 40):2 tan @ (R°R”, R“r; totals 79). 





TABLE 23 
Test 17: Red, heterozygous for red and white, by homozygous tan. 





P, = red 9 (RR”) X tan o (rr) of the tan type; seven pairs mated. 

F, = 1 red 9 (Rr; totals 144):1 white 9 (R“r; totals 137):2 tan &@ (Rr, R”r; totals 268). 
Reciprocal cross 

P; = tan 9 (rr) X tan o& (RR) of a red-white combination; five pairs mated. 

F, = 1 red 9 (Rr; totals 78):1 white 2 (Rr; totals 70):2 tan @ (Rr, R“r; totals 184). 
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TABLE 24 
Test 18: Red, heterozygous for red and white, by homozygous black. 





red 2 (RR”) X tan co (RR?) of the black type; six pairs mated. 



































P, = 
F, = 1 red 2 (RR°; totals 104):1 black 9 (R®R”; totals 90):2 tan o& (RR®, R°R”; totals 197). 
Reciprocal cross 
P: = black 9 (R°R®) X tan o& (RR) of a red-white combination; four pairs mated. 
F, = 1 red 2 (RR; totals 53):1 black 9 (R°R™; totals 51):2 tan @ (RR®, RR”; totals 121). 
TABLE 25 
Test 19: Red, heterozygous for red and black, by-homozygous tan. 
P; = red 9 (RR®) X tan o& (rr) of the tan type; six pairs mated. 
Fi = 1 red Q (Rr; totals 97):1 black 9 (R?r: totals 79):2 tan @ (Rr, R’r; totals 194). 
Reciprocal cross 
P: = tan 9 (rr) X tan co (RR?) of a red-black combination; three pairs mated. 
F, = 1 red 9 (Rr; totals 34):1 black 9 (Rr; totals 22):2 tan @ (Rr, Rr; totals 48). 
TABLE 26 
Test 20: Red, heterozygous for red and black, by homozygous white. 
P: = red 9 (RR®) X tan co (R”R”) of the white type; four pairs mated. 
F, = 1 red 9 (RR*; totals 39):1 black 9 (R°R™; totals 33):2 tan o’ (RR, R°R”; totals 76). 
Reciprocal cross 
P, = white 9 (RYR”) X tan oc” (RR?) of a red-bl ck combination; four pairs mated. 
F; = 1 red 9 (RR*; totals 36): 1 black 9 (R°R; totals 36): 2 tan & (RR, RR”; totals 69). 
TABLE 27 
Test 21: Black, heterozygous for black and tan, by homozygous red. 
P: = black Q (Rr) X tan co (RR) of the red type; five pairs mated. 
F, = 1 red 9 (RR’°, Rr; totals 204): 1 tan o& (RR°, Rr; totals 192). 
Reciprocal cross 
P; = red 9 (RR) X tan o (R°r) of a black-tan combination; four pairs mated. 
F, = 1 red 9 (RR°, Rr; totals 166): 1 tan o (RR®, Rr; totals 200). 
TABLE 28 
Test 22: Black, heterozygous for black and white, by homozygous red. 
P; = black 9. (R°R”) X tan o (RR) of the red type; six pairs mated. 
F, = red 9 (RR, RR”; totals 217):tan o& (RR*, RR”; totals 227). 
Reciprocal cross 
P; = red 9 (RR) X tan o (R°R”) of a black-white combination; three pairs mated. 
F: = 1 red 9 (RR?, RR”; totals 50): 1 tan & (RR*, RR”; totals 36). 
TABLE 29 
Test 23: White, heterozygous for white and tan, by homozygous black. 
Pi = white 9 (R“r) X tan co (RR) of the black type; two pairs mated. 
Fi = 1 black 9 (R°R”, R°r; totals 51): 1 tan o& (R°R”, R°r; totals 40). 


Reciprocal cross 


P; = black 9 (R®R®) X tan co (R“r) of a white-tan combination; seven pairs mated. 


F, = 1 black 9 (R°R™, Rr; totals 155): 1 tan o (R°R”, Rr; totals 142). 
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TABLE 30 
Test 24: Red, heterozygous for red and tan, by homozygous black. 





P; = black 2 (R’R*) X tan o (Rr) of a red-tan combination; four pairs mated. 
F, = 1 red 9 (RR°; totals 56):1 black 9 (Rr; totals 61):2 tan co (RR®, Rr; totals 123). 


| 





Further proof of a multiple allelomorph series by the genetic behavior of two 
hybrid crosses 


Conclusions based on hybrid crosses involving four factors for body color 
(tests 25 to 36; tables 31 to 42) 


It is again evident from these tests that only two of the factors for body 
color can exist at any one time in any individual. This is a proof of a 
multiple allelomorph system. The reciprocal crosses prove that the males 
carry the same combinations as the females, although they are not con- 
spicuous in their phenotypes. The ratios derived from this group of tests 
are-1:1:2, 2:1:1:4, and 3:1:4; these ratios give evidence of sex-limitation. 


TABLE 31 
Test 25: Red, heterozygous for red and black, by white, heterozygous for white and tan. 





P; 
Fi 


ll 


red 9 (RR?) X tan o (Rr); eleven pairs mated. 
1 red 9 (RR, Rr; totals 190):1 black 9 (R°R™, Rr; totals 196):2 tan o& (RR, Rr, 
RR”, Rr; totals 311). 


Reciprocal cross 
P; = white 9 (R“r) X tan o& (RR°); nine pairs mated. 
F: = lred 9 (RR”, Rr; totals 167):1 black 2 (R°R», Rr; totals 119):2 tan 7 (RR”, Rr, RR”, 
R'r; totals 375). 





TABLE 32 
Test 26: Red, heterozygous for red and black, by black, heterozygous for black and white. 





P; = red 9 (RR®) X tan oc (RR); six pairs mated. 
Fi = 1 red 9 (RR®, RR; totals 88):1 black 2 (R*R®, RR”; totals 86):2 tan @ (RR, RR», 
RR®, RR”; totals 148). 
Reciprocal cross 
P; = black 9 (R°R”) X tan o (RR); five pairs mated. 
F; = 1 red 9 (RR®, RR*; totals 95):1 black 2 (R°R®, RR”; totals 91):2 tan o (RR®, RR», 


RR’, RR”; totals 179). 





TABLE 33 
Test 27: Red, heterozygous for red and black, by black, heterozygous for black and tan. 





Pi = red 9 (RR°) X tan o (Rr); nine pairs mated. 
Fi = 1 red 9 (RR°, Rr; totals 185):1 black 9 (R°R®, Ror; totals 182):2 tan & (RR*, Rr, R°R®, 
R®r; totals 346). 
Reciprocal cross 
= black 9 (Rr) K tan o (RR); nine pairs mated. 
F, = 1 red 9 (RR°, Rr; totals 176):1 black 9 (RR, R’r; totals 174):2 tan @ (RR®, Rr, R°R®, 
R’r; totals 383). 


| 
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TABLE 34 


Test 28: White, heterozygous for white and tan, by red, heterozygous for red and white. 





white 9 (R¥r) X tan o& (RR”); two pairs mated. 
= lred 9 (RR”, Rr; totals 24):1 white 9 (RYR”, R“r; totals 30):2 tan o& (RR*, Rr, R°R”, 
Rr; totals 89). 









TABLE 35 


Test 29: Red, heterozygous for red and tan, by black, heterozygous for black and tan. 












Pi 
Fi 


P; 
Fi 


x 


= red 9 (Rr) X tan o (R°r); twelve pairs mated. 
2 red 9 (RR?®, Rr; totals 161):1 black 9 (R®r; totals 83):1 tan 9 (rr; totals 89):4 tan # 
(RR°, Rr, Rr, rr; totals 345). 
Reciprocal cross 
= black 9 (R*r) X tan o (Rr); six pairs mated. 
= 2red 9 (RR°, Rr; totals 151):1 black 9 (R®r; totals 49):1 tan 9 (rr; totals 61):4 tan ¢@ 
(RR®, Rr, Rr, rr; totals 249) 









TABLE 36 
Test 30: Red, heterozygous for red and white, by black, heterozygous for black and tan. 











Pi 
Fi 


P; 
Fi 


red 9 (RR”) X tan co (R°r); eleven pairs mated. 
= 2 red 9 (RR°, Rr; totals 179):1 black 9 (R®R”; totals 59):1 white 9 (Rr; totals 78):4 
tan o& (RR°, Rr, R°R”, R“r; totals 320). 
Reciprocal cross 
black 9 (Rr) X tan co (RR); nine pairs mated. 
= 2 red 9 (RR°, Rr; totals 154):1 black 9 (R°R™; totals 62):1 white 9 (Rr; totals 67): 4 
tan o' (RR®, Rr, RR”, R“r; totals 307). 









TABLE 37 


Test 31: Black, heterozygous for black and white, by red, heterozygous for red and white. 











P; 
Fi 


P; 
F, 


black 9 (R®R”) X tan co" (RR); seven pairs mated. 
2 red 2 (RR, RR“; totals 74):1 black 9 (R°R™; totals 40):1 white 9 (RYR”; totals 39) :4 
tan o' (RR®, RR”, R’R”, RYR”; totals 198). 
Reciprocal cross 
red 9 (RR) X tan o (R°R”); seven pairs mated. 
= 2red 9 (RR°, RR”; totals 95):1 black 9 (R°R”; totals 53):1 white 9 (R”R”; totals 48):4 
tan o' (RR, RR”, R°R”, RYR”; totals 236). 


ll 


| 









TABLE 38 


Test 32: Black, heterozygous for black and tan, by white, heterozygous for white and tan. 










Pi 
Fi 


Pi 
Fi 


black 9 (Rr) X tan o (R“r); eight pairs mated. 
= 2 black 9 (R°R™, Rr; totals 127):1 white 9 (Rr; totals 51):1 tan Q (rr; totals 52) :4 
tan o (R°R”, R’r, R”r, rr; totals 245). 
Reciprocal cross 
white 9 (R“r) X tan o (R’r); five pairs mated. 
2 black 9 (R®R~, Rr; totals 52):1 white 9 (Rr; totals 26):1 tan 9 (rr; totals 31) :4 
tan o& (R°R”, R°r, R“r, rr: totals 147). 


ll 
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TABLE 39 
Test 33: Red, heterozygous for red and tan, by black, heierozygous for black and white. 





P; = red 2 (Rr) X tan co (R’R”); fourteen pairs mated. 
= 2 red 9 (RR®, RR”; totals 159):1 black 9 (Rr; totals 79):1 white 9 (R”r; totals 68): 4 
tan o (RR°, RR”, R*r, R”r; totals 287). 
Reciprocal cross 
P; = black 9 (R°R”) X tan co (Rr); one pair mated. 
F, = 2 red 9 (RR®, RR“; totals 21):1 black 9 (R®r; totals 9):1 white 9 (R“r; totals 11):4 tan 
o (RR®, RR”, R’r, R”r; totals 47). 


= 
on . 
| 








TABLE 40 
Test 34: White, heterozygous for white and tan, by red, heterozygous for red and tan. 





P; = white 2 (R“r) X tan o (Rr); one pair mated. 
F, = 2 red 2 (RR”, Rr; totals 13):1 white 9 (Rr; totals 6):1 tan 9 (rr; totals 5):4 tan o@ 
(RR”, Rr, R”r, rr; totals 19). 





TABLE 41 
Test 35: Red, heterozygous for red and white, by red, heterozygous for red and tan. 





P; = red 9 (RR) X tan o (Rr); seven pairs. 
F, = 3 red 9 (RR, RR”, Rr; totals 160): 1 white 9 (Rr; totals 54): 4 tan o& (RR, RR”, Rr, 
Rr; totals 214.) 
Reciprocal cross 
P, = red 9 (Rr) X tan (RR“); one pair mated. 
F: = 3 red 9 (RR, RR”, Rr; totals 5): 1 white 9 (R”r; totals 2): 4 tan o& (RR, RR”, Rr, R°r; 
totals 11). 





TABLE 42 
Test 36: Red, heterozygous for red and tan, by red, heterozygous for red and black. 





P; = red 9 (Rr) X tan co (RR°); seven pairs mated. 
Fi = 3 red 9 (RR, RR°; Rr; totals 167): 1 black 9 (Rr; totals 44): 4 tan o (RR, RR®, Rr, Ror; 
totals 234). 
Reciprocal cross 
P; = red Q (RR°) X tan co (Rr); one pair mated. : 
Fi = 3 red 9 (RR, RR’, Rr; totals 36): 1 black 9 (R’r; totals 16): 4 tan @ (RR, RR, Rr, R°r; 
totals 54). 


I 





DISCUSSION 


The following arguments, taken from MorGAN, STURTEVANT, MULLER 
and BrincEs (1915) are in favor of a multiple allelomorph series: 

1. That multiple allelomorphs seem to affect the same character. This 
is true for Bruchus, since the four body colors (red, black, white and tan) 
afiect the entire color pattern. 

2. That an individual may contain only two of the genes of the allelo- 
morphic series. These may be the same gene or different members of the 
allelomorphic series. This behavior is manifested in Bruchus. 
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3. When any two mutant types of an allelomorphic series are crossed they 
give a type in the F; that is like the dominant parent or intermediate, 
because neither brings in the normal allelomorph of the other; consequently 
the wild type is not reconstituted. This relationship holds for the red, 
black and white mutant types of Bruchus. 

4. There is no crossing over between the members of a multiple allelo- 
morph series since such genes occupy the same locus. No crossing over 
takes place between the four body colors of Bruchus. 

In all these four respects the mutants of Bruchus fulfill the requirements 
of a multiple allelomorph series. 

In view of the observation that color dominance appears in the order of 
red, black, white and tan, it occurred to the writer that it might be interest- 
ing to note the correlation, if any, of this color dominance with such physi- 
ological traits as vigor, number of progeny, size and the like. As far as 
can be ascertained, the eggs of these four types are exactly similar in size 
and color. In the mature beetles, it was discovered that the blacks have 
the greatest number of progeny, and are most vigorous; the reds follow 
next in number of offspring and vigor; the tans (or wild type) are next in 
order, while the white ones rank fourth, because of a seeming lack of vigor 
and reproductive power. The types in order of size, are black, tan, red and 
white. There is, further, a marked variation as regards color in these 
types; for the whites may approach the blacks and the reds may verge on 
the whites as well as on the tans. Great care is therefore necessary to 
avoid chance errors in classification. 

The sexual dimorphism found in Bruchus is similar to one discovered in 
Drosophila. The following quotation from Morcan (1916) is pertinent: 


“A mutant appeared in which the eye color of the female was different from 
that of the male. The eye color of the female is a dark eosin color, that of the 
male yellowish eosin. From the beginning this difference was as marked as it is 
today. Breeding experiments show that eosin eye color differs from the red 
color of the eye of the wild fly by a single mutant factor. Here, then, at a single 
step a type appeared that was sexually dimorphic.” 


It is evident that the color types in Bruchus manifest a similar behavior. 

Another interpretation could be put on this sexual dimorphism in 
Bruchus, which could be made to account for this sex-limitation in color. 
Foor and StTRoBELL (1913) discovered a sex-limited trait in two species 
of Hemiptera. In one species both sexes were without a spot, while the 
males in the second species carried a spot. In regard to this Morcan 
(1919) states that the results are explicable on the assumption that a single 
dominant factor, not sex-linked, causes the spot in the males, but the 
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presence of the gene in the female produces no effect; consequently, the 
effect is sex-limited and its expression is determined by the rest of the 
hereditary complex in male or female. This interpretation would likewise 
account for the results obtained in Bruchus. In this connection, another 
quotation from Morcan and his associates (MorGAN, STURTEVANT, MUL- 
LER and BrincEs 1915) is noteworthy: 


“Thus while the accessory sexual organs, as well as the secondary sexual 
characters, may be modified by special differentiators that are not present in 
the sex chromosomes; yet the sex factor also produces an effect on their develop- 
ment which is different according to whether the sex factor exists in single or 
double amount.” 


The results obtained in Bruchus .are very similar to the sex-limited 
inheritance found in Ayrshire cattle as interpreted by WENTWoRTH (1916). 
It is of interest in this connection to quote the author: 


“Two general types of inheritance as related to sex exist, aside from the ordi- 
nary secondary sex characters. Sex-linked inheritance depends on the great 
mass of hereditary factors that have been shown to be linked in transmission to 
the sex-determining factors; while sex-limited factors follow the simple Mendelian 
scheme of inheritance, but show a reversal of dominance in the two sexes.” 


The nearest genetic evidence related to this problem is found in the 
observations on the Java butterfly (Papilio memnon, L.) by Jacosson. 
These results were discussed in detail by DE MEIJERE (1910), who applied 
Mendelian principles to these experiments. 

To quote Morcan (1914): 


“Der MEIJERE accounts for the results of matings in this species, recorded by 
JAcoBson, on the assumption of three factors, one for each type of female. The 
three factors are treated as allelomorphs, and therefore only two of them can be 
present in any individual, and since they are allelomorphs they pass into differ- 
ent gametes. The order of dominance is Achates, Agenor, Laomedon. The 
male carries the same factors, but they are not effective in him.” 


The genetic behavior in Bruchus is somewhat similar to that obtained 
for Papilio, except that in the former four factors are involved and in the 
latter only three. 


CONCLUSIONS 


1. This paper presents the genetic basis of the inheritance of four body 
and elytra colors in Bruchus quadrimaculatus, Fabr. 

2. The results prove for Bruchus that any color factor can be an allelo- 
morph with any other factor for body color. The order of dominance 
is red, black, white, and tan. 
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3. The four factors (R, R’, R®, and r) for the four body colors (red, black, 
white and tan) constitute a multiple allelomorph system. 

4. Sexual dimorphism is exhibited in this species. 

5. The life-history studies indicate that this weevil is favorable for 
genetic researches. 
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INTRODUCTION 


The inheritance of green and yellow pigments in maize, as demonstrated 
by the hereditary behavior of certain abnormal chlorophyll-types of seed- 
lings, has been resolved into a fairly simple hypothesis that suggests some 
interesting relations between these two types of pigments. Green plastid 
color in the leaves seems to be governed by two pairs of genetic factors 
and yellow (presumably xanthophyll and carotin) pigment by one. These 
three pairs of factors appear to be fundamental in the development of these 
pigments, although there is some evidence of one or two additional factors. 

Three general types of abnormal seedlings are common in fields of maize, 
namely the albino or pure white, the virescent or greenish-white, and the 
yellow. The first two possess no visible signs of a definite yellow color 
upon germinating, while the third exhibits a striking lemon-yellow pigment 
which probably is a mixture of xanthophyll and carotin. The distinction 
between these three types is remarkably sharp, especially when they are 
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92 E. W. LINDSTROM 
grown under uniform conditions in the greenhouse during the winter 
months. When grown in the field, the distinction between virescent-white 
and certain types of yellow seedlings is less marked because the virescent 
type becomes green or yellowish-green very rapidly under field conditions. 

All three seedling types are inherited as simple Mendelian recessives to 
normal green. The interrelations of the three factor-pairs that govern 
their inheritance have been definitely determined and form the basis for 
this publication. Their genetic relation to aleurone color is also discussed. 
Their group relations.are verified by two sets of experiments which prove 
the independent inheritance of these three pairs of factors. 


SUMMARY OF PREVIOUS WORK WITH SEEDLING CHLOROPHYLL-FACTORS 
White and virescent-white relation (WwV2) 


The first experiments which established the interrelations between the 
two seedling factors concerned in chlorophyll development of maize, were 
reported by Mites (1915). These were the w and 2 factors, originally 
named a and 6 but later changed to fit into the factorial system that is 
now being followed in the genetical studies with maize (Linpstrom 1918). 

Factor w, when homozygous, entirely prevents the development of 
normal green chlorophyll, the result being a pure white plant. Such white 
or albino seedlings are inherited as simple Mendelian recessives to normal 
green (East 1911, Emerson 1912). Factor v (virescent), when homozy- 
gous, has the ability to repress partially or to delay the formation of green 
pigment. Virescent-white seedlings possess very little green color upon 
germinating, being almost white, but under optimum conditions of light 
and temperature they may develop sufficient chlorophyll to mature and 
set seed. In this respect they differ from the albino seedlings, which die 
when the food materials in the endosperm are exhausted. This furnishes 
an unusually distinct means of classifying the two types. When self- 
pollinated, the virescent-white type produces entirely virescent seedlings. 

When a green plant, heterozygous for both factor pairs (VvWw), is 
self-pollinated, a 9:3:4 ratio is obtained as follows: 

9 V W, green 

3 v W, virescent-white 

3 V w, white 

1 v w, white 
Sufficient data have been accumulated to establish the above interaction 
of factors and to show that these factors are inherited independently of 
each other. A summary of 9:3:4 ratios is presented in table 1. 
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From such a relation we can state that w is able to inhibit any green 
pigment which normally might be produced by the V factor or the » factor. 
Put in other words, both V and W are essential for the development of 
normal green chlorophyll. 

TABLE 1 


Summary of data showing, 9:3:4 ratio derived from self-pollinated green plants heterozygous for 
white and virescent-white seedlings (Ww Vv). 























GREEN VIRESCENT-WHITE WHITE 
Mites (1915) 132 36 56 
Linpstrom (1918) 640 190 268 

2205- 4 44 11 26 
2217-47 109 29 35 

-50 102 32 54 

-55 86 22 35 

-58 78 23 26 

-69 89 32 32 

2218- 1 80 27 36 

-13 54 21 36 

-14 73 23 28 

2219- 4 65 22 27 

-28 59 29 40 

2220-12 70 28 29 

2670- 1 88 22 13 

-i1 38 19 22 

-22 49 11 30 

-25 28 6 11 

| ee Sneerer 1884 583 804 
‘i. | ee 1840 613 818 

P = 0.26 


Yellow and virescent-white relation (LIVv) 


The next step in the analysis was the determination of the interrelation 
of the Vv and LI factor pairs. Factor / (from Juteus, yellow) is considered 
as the determiner for a distinct yellow (xanthophyll and carotin) pigment 
observed in certain maize seedlings (Linpstrom 1918, plate 1). 

When a green plant heterozygous for both virescent-white and yellow 
seedlings is self-pollinated, a 12:3:1 ratio results as follows: 

9 L V, green 
31 V, green 
3 L v, virescent-white 
1 1 v, yellow (slightly virescent) 
A summary of the data to substantiate such a ratio is given in table 2. 
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94 E. W. LINDSTROM 


The two types of green seedlings LV and /V have been demonstrated 
and thoroughly tested genetically. There is no marked phenotypic dis- 
tinction between them, although there are certainly slight variations among 
the greens in shade of color. 

This genetic hypothesis presupposes that LZ is not absolutely essential 
for the development of green pigment, asis V. What.effect this dominant 
allelomorph L really produces is uncertain. A bit of indirect evidence is 
offered by the color of the striped leaves of the japonita type of maize. 
There are two sorts of japonica plants, one with green-and-white-striped 
léaves, the other with green-and-yellow-striped leaves (see Livpstrom 
1918, plates IV and V). It has been shown that the yellow pigment in 
the yellow stripes of the latter type is caused by the / factor, so that these 


TABLE 2 


Summary of data showing 12:3:1 ratios derived from self-pollinated green plants heterozygous for 
virescent-white and yellow seedlings (LIV). 




















GREEN VIRESCENT-WHITE YELLOW 

Table 6 (Linpstrom 1918) 3583 853 260 
Table 8 (Lrnpstrom 1918) 3058 767 256 
Table 9 (Lrnpstrom 1918) 676 190 54 
Table 10 (Linpstrom 1918) 608 155 65 
Table 11 (Linpstrom 1918) 380 88 33 
2206-36 169 42 12 

2347 637 171 56 

2348 204 50 19 

MER \cws cine weeds ceuee 9315 2316 755 
yA er er 9290 2322 774 





P = very close fit; x? = 0.549 


plants are factorially jjll. The japonica-white-striped plants, which possess 
colorless stripes, contain the L factor; hence, their genotypic formula is 
#jLL. In this case then, the dominant L factor produces no pigment what- 
soever. The same might be true in the seedling types LV or Lv. 

The influence of / in the /V type of green is unknown. If it produces 
the characteristic yellow pigment there, it would be hidden by the green. 
Attempts are now being made to differentiate the two types of green (LV 
and /V) by spectroscopic tests. 

The effect of the virescent factor v is seen in both the Lv and lv genotypes. 
In the former, the virescent or greening effect is produced on white leaves; 
while in the latter this effect is seen on yellow leaves, so that they are 
really virescent-yellow seedlings. 
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As additional evidence of the interrelations of Z and V, data from crosses 
between two green plants, one LiVv and the other 1/Vv (which when self- 
pollinated produced 3 greens :1 yellow), and a reciprocal cross, are presented 
in table 3. 

The close approximation to the unusual 6:1:1 theoretical ratio not only 
checks the factorial hypothesis but also serves to show that L and V are 
inherited independently of each other both in the pistillate and in the 
staminate mechanism for the segregation of factors. 

The preceding evidence has shown that W and V are both necessary 
for normal green color, and that w can inhibit the development of any 
green pigment. It has also proven that L is not necessary for green color; 
and that / can produce yellow pigment in the presence of v. 

What relation does w bear to /? If w can inhibit any green pigment 
produced by v, can it react similarly with /? The answer is to be found in 
the subsequent section. 











TABLE 3 
F seedlings from the cross L1Vv X lV and its reciprocal. 
PEDIGREE NUMBER GREEN VIRESCENT-WHITE YELLOW 
2343-22 X 2206-76 168 25 25 
-36 X 2259-16 126 25 24 
.2259- 2 X 2343-22 178 27 32 
ct eee 472 77 81 
Theoretical (6:1:1)... 472.50 78.75 78.75 














TRIHYBRID RELATIONS 


P,, F,, F: and F; data of cross LIVoWW X LLVVWw 


When the three factor pairs concerned in the development of green 
chlorophyll and yellow pigment are brought together by hybridization, 
some interesting relations become apparent. The experimental studies 
bearing on this situation arose from a cross of two green plants, one pro- 
ducing green, virescent-white, and yellow seedlings when self-pollinated, 
the other only green and white seedlings. Factorially this cross would be 
represented as LIVv X VVWw. 

All the F; plants of this cross were completely green in the seedling and 
mature-plant stages. Unfortunately only 10 of the 72 green F, plants were 
self-pollinated. Their F, seedling progenies have been arranged in table 4. 

Since one parent produces four kinds of gametes and the other only two, 
there should be eight different F, genotypes. All the eight types are not 
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96 E. W. LINDSTROM 
represented among the ten progenies in table 4, which is scarcely to be 
expected because of the small numbers concerned. Only five of the eight 
appeared, namely, two kinds of greens (as shown by certain crosses); a 
type segregating into 3 greens to 1 white (1764-22); another into 9 greens 
to 3 virescent-whites to 4 whites (1764-30); and finally a new type segre- 
gating into all the four seedling types but giving a peculiar ratio of these 
characters. There were three seedling progenies of this latter sort (1764-4, 
TABLE 4 


F, seedling progenies from green F, plants of the cross LIVoWW X LLVVWw. 
937-14 X 812-1. 










































PEDIGREE NUMPER GREEN VIRESCENT-WHITE YELLOW WHITE 
1764- 4 26 4 3 4 
-5 50 
-12 58 
-16 47 
-20 59 
-22 197 61 
—24 48 
-30 136 24 46 
—40 59 21 15 36 
—43 22 4 2 5 
TABLE 5 
Three F2 seedling a from ‘table 4, which produced all four types of seedlings. 
PEDIGREE NUMBER GREEN VIRESCENT-WHITE YELLOW WHITE 
| 
1764- ps 4 5 4 
21 15 36 
a 2 5 
Total. 107 29 22 45 
Theoretical (36: 9: 7: 12).. 114 29 22 38 

















P = 0.64 


—40, -43), and it is with them and their progeny that we shall be con- 
cerned in establishing an hypothesis to interpret the interaction of the three 
factors and their allelomorphs. The F; progenies in table 4 do not offer 
sufficient evidence in themselves simply because their numbers are too 
small, but they do agree with the hypothesis to be developed, as will be 
seen later. 

From the three lots of the new types of seedling progenies mentioned 
above, which have been grouped in table 5, has come the critical evidence. 

Many of the green plants from each of these three progenies (1764-4, 
-40, -43) were self-pollinated and the F; seedling progenies tested. They 
are arranged in table 6. 











Showing F3 seedling progenies from self-pollinated green Fz plants of table 5. 








CLOSENESS OF FIT 
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F: GENOTYPES pg 
1LLVVWW | 2205- 1 
-16 
2 LIVVWW 2206-21 
-54 
11/VVWW 2207-10 
pe eee 
2LLVoWW | 2206-37 | 
Theoretical. . . 
2 LLVVWw 2205-10 
Theoretical... 
2 Vow Ww 2205-11 
2lUuVVWw 2207-12 
. | Se 
Theoretical. . . 
2205-14 
2206-23 
41llVoWw -29 
-31 
~75 











_ See 
Theoretical... 
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4 LIVWW 



























































2206-36 
Theoretical. . . 
4 LLViWw 2205- 4 
Theoretical... 
2205-12 
4LIVVWw 2206-73 
-84 
: | ge 
Theoretical... 
2206- 2 
-15 
8 LIVwWw -46 
57 
-71 | 
2207-23 
(ee 
Theoretical... 
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Hypothesis for factorial interactions of the three factors 


From the data in tables 5 and 6 the following hypothesis has been derived. 
This hypothesis has four general points, namely: 

1. That three pairs of factors (LI, Vv, Ww) are concerned in the develop- 
ment of the green and yellow pigments in the maize seedlings of this 
experiment. 

2. That these three factor-pairs undergo ordinary Mendelian segregation 
and recombination. 

3. That they are inherited independently of each other, not linked. 

4, That they exhibit certain constant interrelations. 

It is only the fourth point that needs explanation. Assuming three pairs 
of factors with complete dominance, there are only eight possible combina- 
tions which might give different phenotypic characters, namely, LVW, LVw, 
LoW,, Low, VW, Vw, lwW, and low. If a green plant heterozygous for all 
three is self-pollinated, they would occur in the ordinary 27:9:9:3:9:3:3:1 
proportion, respectively. 

It will be noted that only four different phenotypes are recorded in table 
5, namely green, virescent-white, yellow, and white. The distinction 
between these four classes of seedlings was remarkably clear. Practically 
all of the data were recorded before the present hypothesis was evolved, 
and no difficulty in classifying the material was experienced. 

To account for the unusual ratio observed in the progenies of tables 5 
and 6, which were segregating for the four seedling characters, the following 
interactions between the three pairs of factors was assumed: 


27 LVW, green seedlings 3 Lvw, white seedlings 
9 IVW, green seedlings 3 1Vw, yellow seedlings 
9 LwW, virescent-white seedlings 3 lvW, yellow seedlings 
9 LVw, white seedlings 1 low, yellow seedling 


This arrangement results in a 36:9:7:12 ratio of green : virescent-white : 
yellow : white. Among the F; genotypes of the original cross (LIVoWW xX 
LLVVWw) there should be one of the factorial composition LiVoWw. 
According to the hypothesis this should produce a seedling progeny segre- 
gating into the 36:9:7:12 ratio. Three such progenies appear in table 5, 
while in the last section of table 6 there are six progenies (2206-2, 
-15, -46, -57, -71 and 2207-23) of the same sort. The actual data in both 
tables are well in accord with the hypothesis, the value for P in table 5 
being 0.64 and in table 6, 0.53. 

Not only are the hypothetical factor-interrelations substantiated but 
also the independent inheritance of the three factor-pairs is reasonably 
assured. However, further evidence on this appears later. 
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Before discussing the various functions of the individual factors, it is 
necessary to show that the hypothesis is verified in the F; generation. For 
this purpose the reader is again directed to table 6, which has been compiled 
from the data obtained by self-pollinating twenty-five of the F, green 


TABLE 7 
Showing the theoretical and actual proportions of the Es progenies of table 6. 















































F2 GENOTYPES F3 SEGREGATION OF SEEDLINGS FOUND EXPECTED DEVIATION 
1 LLVVWW 
2 LIVVWW All green 5 3 +2 
1UuVVWW 
2 LLVoWW 3 green 

1 virescent-white 1 1 0 
2 LLVVWw 3 green 

1 white 1 1 0 
2UVowWW 3 green 2 3 —1 
2uvVVWw 1 yellow 
4llVoWw 9 green 

7 vellow 5 3 +2 
4 LIVoWW 12 green 

3 virescent-white 1 3 —2 

1 yellow 
4 LLVwWw 9 green 

3 virescent-white 

4 white 1 3 —2 
4 LIVVWw 12 green 

3 white 

1 yellow 3 3 0 
8 LiVoWw 36 green 

9 virescent-white 

7 yellow 

12 white 6 5 +1 
P = 0.66 


plants occurring in the 36:9:7:12 distribution listed in table 5. According 
to the hypothesis there should be nine different types of F; segregations 
from such F, plants, and they should occur in definite proportions. These 
types, their actual proportions, and their theoretical expectancies are 
arranged in table 7. 
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It will be noted that every one of the theoretical nine classes is repre- 
sented in the F; generation and that the expected proportions of the classes 


are unusually well realized, the closeness of fit in this case being very good 
since P has a value of 0.66. 

A glance at the individual F; progenies in table 6 will show that in the 
great majority of cases, they, themselves, conform very closely to the 
theoretical proportions. In no case is there any serious deviation from the 
demands of the hypothesis. Thus the hypothesis is fully verified by the 
F; data. 

TABLE 8 


Seedling progenies from self-pollinated green plants of a 9:7 ratio of green: yellow seedlings. llVoWw. 


























PEDIGREE NUMBER | ALL GREEN | ore eer Dev. 

| Green | Yellow Green | Yellow we 

2455- 1 | 135 | 60 2.7 

- 6 | 47 48 1.8 

-7 105 93 1.3 

-8 26 19 0.4 

-18 | | 131 89 1.4 

-21 | 96 72 0.3 

~23 62 | 15 1.6 

-27 20 | 93 1.8 

~28 | | | 83 69 0.6 

-30 | 106 90 0.9 

2456- 4 i. | 

eee 437 | 168 594 480 
Theoretical.........| 72 454 | 151 604 470 











Among the F; progenies in table 6 are several new types of ratios, notably 
the 9 green to 7 yellow; the 12 green to 3 white to 1 yellow; and the 36 
green to 9 virescent-white to 7 yellow to 12 white. The first and third types 
have been analyzed, the second has not. A 9:7 ratio of green to yellow 
seedlings was tested further by self-pollinating eleven of the green plants 
in such a distribution. In table 8 the seedling progenies of these eleven 
plants are recorded with the view of substantiating the hypothesis. 

Three kinds of progenies appear, one producing nothing but green seed- 
lings, another giving approximately 3 green to 1 yellow, and a third repeat 
ing the 9:7 ratio of the parental stock. The proportion of the three sorts 
is 1:3:7 respectively. 

If the hypothesis given above is correct, the 9:7 ratio of the parents was 
produced by a plant of the composition J/VoWw. The 9:7 ratio would 
result from the following interaction of factors: 
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1 UVVWW, green 1 V Vww, yellow 
2 UuVVWw, green 2 llVoww, yellow 
2 liVoWW, green 1 low WW, yellow 
4 liVoWw, green 2 lluwWw, yellow 


1 Jlevww, yellow 


The green plants should produce three kinds of progenies in the ratio ot 
1:4:4. The actual proportion of 1:3:7 is fairly well in accord with this, 
and the individual progenies of table 8 are reasonably close to expectation, 
thus providing another check on the factorial hypothesis. 

Another very interesting and critical bit of evidence on the factorial 
interrelations of the seedling chlorophyll-factors was afforded by a detailed 
study of the yellow seedlings. It was noted that these were actually of 
two types. One was strikingly pure yellow in color while the other had 
slight traces of green pigment, especially at the ligule and leaf tips, but not 
enough to hide the yellow pigment. The two types were not differentiated 
until most of the material used in these experiments had been grown and 
destroyed, hence all the yellows are classed together in the preceding tables. 


TABLE 9 


Classification of yellow seedlings according to presence and absence of virescent pigment. 











PEDIGREE NUMBER | PURE YELLOW /Vw AND /vw VIRESCENT-YELLOW /yoW 

2455- 6 5 a 

-18 20 15 

2205-14 12 13 

2206-15 | 11 12 

-23 10 9 

-29 25 21 

~31 | 16 17 

-46 10 & 

-57 20 17 

-71 4 3 

-75 26 14 

2207-23 4 2 

; ere [ere 163 135 
Theoretical (4:3)........ i 170 128 








Later plantings of some of the remaining seed were made, however, and 
the pure yellows were classified separately from those with traces of green. 
These data are placed in table 9. The pedigree numbers therein can be 
traced directly to tables 6 and 8. 
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A total of twelve progenies which possessed yellow seedlings shows 
that there are slightly more of the pure yellow type than of the green-yellow 
or virescent-yellow. In fact they occur in almost a 4:3 ratio, respectively. 
The explanation of this proportion is as follows. 

Factorially there are three, and only three, types of yellow seedlings; 
lVw, low and loW; and in an F;, generation they should occur in a ratio of 
3:1:3 respectively. All three types develop yellow pigment because of 
the / factor. The types /Vw and Jvw possess no green pigment since w 
inhibits any green color produced by either V or v. Hence, these two 
types are pure yellow. The third type WW possesses the v factor which 
permits a partial development of green pigment (virescent), and since 
w is not present this virescent or green pigment is not inhibited. Therefore 
this third type is really a virescent-yellow seedling, differing from the 
virescent-white type in that the latter shows the virescent or partial green 
pigment on whitish leaves, the former on yellow leaves. 

The 3:1:3 ratio noted above can then be grouped into a 4:3 proportion 
of pure yellow to virescent-yellow seedlings. The data in table 9 agree 
with such an interpretation reasonably well, the deviation being only 
1.2 times the probable error. 

With such checks as these, the F, and F; data offer beyond any reasonable 
doubt a satisfactory confirmation of the hypothesis to account for the inheri- 
tance of the green and yellow pigments in maize seedlings. It must not 
be inferred, however, that the L, V, and W factors are the only ones to 
be found. Presumably they are only some of the more fundamental ones. 
The writer has discovered two others in material from other sources but 
their interrelations with L, V and W are not as yet determined. 


GROUP RELATIONS OF THE SEEDLING FACTORS 
Independence of L, V and W proven by F, and F; data 


Previous experiments have shown that W and V are not linked. The 
same is true of the L and V factors. This leaves only the L and W relation 
open. The trihybrid data in this article afford critical evidence on the 
independent inheritance of L and W as well as of the others. Since back- 
crosses cannot be obtained in these seedling studies, one must rely on F, 
and F; data to determine the group relations of the factors involved. 

Combining the F; and F; data (tables 5 and 6) which show the trihybrid 
relationship (L/VoWw), we obtain the following totals: 

Observed, 788 green: 179 virescent-white: 157 yellow: 273 white. 
Calculated, 786 green: 196 virescent-white: 153 yellow: 262 white. 
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When the closeness of fit, based on independent inheritance of all three 
factor-pairs, is determined, the value for P becomes 0.56. Hence theory 
and fact agree sufficiently well to justify the hypothesis of independent 
inheritance between L, V and W. 


Independence of L, V and W proven by relation to the R aleurone-factor 


The fact that L, V and W are located in different groups or on separate 
chromosomes is also checked by the relations of these factors to the R 
factor concerned in aleurone-color development in the maize kernel. 

Data have been published (Linpstrom 1920) to show that W and R 
are inherited independently of each other. Three F, seedling progenies 
from self-po!linated green F; plants of the composition AACCRrWw have 


produced the following relation: 


RW Rw WwW rw 
EES Se ea 


EE ET Re Re 163 163 54 


The deviations from a 9:3:3:1 ratio of independent inheritance between 
R and W are not marked. In fact when the closeness of fit is determined, 
P has a value of 0.51 showing that the deviations can very well be accounted 
for by errors of random sampling. Hence, W and R are not linked but are 
located on separate chromosomes. 

The independent inheritance of R and V is also established by a large 
F, population which was derived from self-pollinating thirty-four F, plants 
of the composition AACCRrV»v. A total of these 34 progenies is recorded 
as: 


RV Ro rV ro 
I isha a, PONE 5 Dye With Sods 6% 50.6 wn nee 2080 730 716 221 
Co SR a eT er 702 702 234 


In this case the deviations from a 9:3:3:1 ratio are not wide enough to 
vitiate the hypothesis of independent inheritance of R and V. The value 
for P is 0.48 in this distribution. 


Linkage of R and L factors 


From such data we are justified in assuming that W, V and R are located 
on separate chromosomes. In a previous publication (Linpstrom 1918) 
evidence was presented to show that the L factor was linked with a certain 
aleurone factor, which at that time had not been definitely isolated. Since 
then the material has been tested with appropriate aleurone testers of 
known ‘constitution obtained from Dr. R. A. Emerson of CORNELL UNI- 
VERSITY, and it has been definitely determined that it is the R factor which 
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104 E. W. LINDSTROM 
TABLE 10 
Seedling progenies from self-poilinated green plants of the composition RLv.rlV(WWAACCP,P,) 
FROM COLORED-ALEURONE SEED FROM COLORLESS-ALEURONE SEED 
PEDIGREE NUMBER 7 
Green | ——— | Yellow Green ae | Yellow 

2343- 7 42 | 0 0 0 0 0 
~15 41 | 0 0 0 0 0 
-62 38 0 0 0 0 0 
- 1 28 0 | 0 20 0 0 
-13 27 0 0 22 0 0 
~26 28 0 0 13 0 0 
~40 28 0 | 0 24 0 | 0 
-41 18 0 0 19 0 0 
~18 129 50 0 0 0 | 0 
~21 103 42 0 0 0 0 
-23 141 ’ 2a aa 0 2 i* 
-47 26 8 | 0 0 0 | 0 

| — ee | 

- 6 121 | 27 0 53 0 | 17 
~10 156 50 1 59 1 22 
-14 42 12 | 0 26 1 10 
-19 157 53 0 60 1 19 
-24 186 52 | 1 60 1 | 
~25 67 23 0 22 1 | 10 
-30 229 75 0 72 0 | - 97 
~31 i790 (|S | 0 66 1 |} 25 
~33 142 51 0 59 3 Lo 
-36 150 51 | 0 68 3 | 13 
-43 159 57 0 48 | 0 | 19 
-45 118 <a oe ae a | 1 | 6 

2344- 1 0 oF he | 37 0 0 
a§ 0 0 0 30 0 0 
—— 0 0 0 34 0 0 
2 0 0 0 29 0 0 
-19 0 0 0 | 33 0 0 
~20 0 0 | 0 31 0 0 
-21 0 | 0 0 30 0 0 

| — ae 
-3 0 | 0 | 0 92 0 28 
- 5 0 | 0 0 75 0 30 
-8 o | 0 0 110 0 35. 
-11 0 | 0 0 53 0 18 
~13 0 0 0 104 0 23 
-14 0 | o 0 97 0 19 
-17 e | 0 0 93 0 | oa 
~18 0 | 0 . |} ae to 
0 22 
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is linked with ZL. Additional evidence on this situation will be presented 
here. 

Since back-crosses cannot be used to test the linkage (because the double 
recessive is not viable), the F; and F; generations must suffice. By self- 
pollinating a large number of plants of the factorial composition RLv.7lV 
(WWAACC), it has been possible to demonstrate that R and L are very 
closely linked with each other. The results of Such self-pollinations are 
arranged in table 10. 

Since only the Rr factor-pair for aleurone color is heterozygous in this 
material, colored-aleurone grains show that the plants developing from 
them possess the R factor, while those plants coming from colorless-aleurone 
seed possess only the r factor. A glance at table 10 shows that among 
the 24 ears from colored seed (2343), there were 7 that bred true for colored 
aleurone, while 17 ears showed a segregation into colored and colorless 
grains (all 3:1 ratios in this material). The expectation here would be 
8 and 16 respectively. The progenies from colorless grains bred true for 
colorless aleurone (2344). 

TABLE 11 
Summary of seedling progenies of table 10 showing behavior of seedling factors, LIV». 


























| | 12 GREEN: 
| pYgetenc anwe 3 GREEN: 
| es 3 VIRESCENT- . bee 3 GREEN: 
ALL GREEN wares: 1 VIRESCENT- 1 YELLOW 
1 YELLOW — 
1LLVV | 
4j2LIVV | 4 LIVo 2 LLV» 2UVo 
1uVV | 
ARERR E OT 15 12 4 9 
Expected (4:4:2:2).... 13.3 | 13.3 6.7 6.7 
Deviation........... +1.7 —1.3 —2.7 +2.3 
P = 0.53 


As regards the behavior of the seedling-chlorophyll factors themselves, 
their inheritance obeys the demands of the hypothesis, as can well be seen 
in the summary that has been arranged in table 11. 

With the data agreeing so well in respect to the aleurone and chlorophyll 
factors separately, we can turn directly to the interrelation between them. 
It will be noted that in table 10, among those progenies segregating for 
seedling characters, the normal 12:3:1 ratio does not obtain if one con- 
siders those progenies coming from colored seed separately from those 
developing from colorless grains. In other words very few (only two in 
this case) yellow seedlings come from colored seed, and only a few virescent- 
whites appear in the progenies from colorless seed. This means that when- 
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ever R is present, / is not likely to be, whereas if r is present L is rarely 
found. Stated in terms of linkage, the parental combinations RL and 7/ 
exhibit very close linkage; the crossover classes Ri and rL are correspond- 
ingly rare. 

The raw data in table 10 are not adapted for a quantitative determination 
of the percentage of crossing over between R and L. The material in this 
experiment was segregating for a pericarp color as well as for aleurone 
color and chlorophyll factors. This pericarp color prevents an accurate 
classification of aleurone color, a correct classification of which is absolutely 
essential in determining the presence of the crossover classes. There were 
certain ears, however, with colorless pericarp which permitted an accurate 
separation into colored and colorless aleurone. The data from these ears 
have been gathered into table 12. 


TABLE 12 
Summary of seedling progenies of table 10 from ears which possessed colorless pericarp. 

















FROM COLORED ALEURONE FROM COLORLESS ALEURONE 
PEDIGREE NUMBER : 7 
Green . Zw Yellow Green - Yellow 
2343-10 156 50 1 59 1 22 
-19 157 53 0 60 1 19 
-24 186 52 1 60 1 18 
-25 67 23 0 22 1 10 
-30 229 75 0 72 0 27 
-31 179 50 0 66 1 25 
is kn: safrd ea Hine Rael ce 303 2 339 5 121 
Theoretical (independent inheritance)....| 959 240 80 349 87 29 




















If the factors R and L were independently inherited we should expect a 
12:3:1 ratio of green to virescent-white to yellow seedlings from both 
colored and colorless seed in table 12, whereas from the colored aleurone 
only 2 yellow seedlings actually occurred where 80 would be expected, and 
from colorless aleurone only 5 virescent-whites appeared where the expec- 
tation would be 87. Evidently then the parental gametes RL and 7/ are 
produced far in excess of the crossover gametes rL and Ri. In fact, the 
latter are produced so infrequently that the relationship approaches com- 
plete linkage. 

The appearance of the crossover classes was very distinct, however, and 
in each case the aleurone color of the seed producing the crossover seedling 
was checked by digging up the plant and examining the grain for its aleu- 
rone color. Their chlorophyll type was unmistakable as was their aleurone 
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appearance, although the latter offers a slight source of uncertainty since 
experience has shown that very rarely a seed which is apparently colorless 
will produce colored progeny, indicating that it possessed the requisite 
factors although something acted to prevent their full expression in the 
mother seed. This would explain a very infrequent occurrence of a vires- 
cent-white from apparently colorless seed but would not account for the 
occurrence of yellow seedlings from colored seeds. Unfortunately it was 
impossible to mature these seedlings and actually test them. Inasmuch as 
the aleurone classification was made in an exceedingly careful manner, and 
the seeds planted so as to prevent accidental mixing, it seems reasonable 
to suppose that we are dealing with actual crossover types, and that R 
and L are not compktely linked. 

As to the quantitative measure of linkage between R and L, this can 
best be determined by taking from table 12 only the data in which R and 
L are directly concerned. ‘The green classes are eliminated from con- 
sideration since both Z and / (LV and /V) are grouped there. Using then 
only the critical data, the following distribution obtains: 

RL» Riv rly lp 

ms 3°35 +o 
If there were independent inheritance between R and LJ, this distribution 
should resemble a 9:3:3:1 ratio. Obviously the departure therefrom is 
abnormally great. Instead of a 1:1 gametic ratio, a 60:1 ratio fits the 
data better, the theoretical expectation being 317:4:4:106 in this case. 
That is, the non-crossover classes are produced sixty times more often than 
the crossover classes. The percentage of crossing over between R and L 
consequently, is about 1.6 percent in this experiment. The numbers upon 
which this percentage is based are, however, rather small, especially since 
they are F, data; hence, the crossover percentage of 1.6 percent is pre- 
sumably more or less inaccurate. 

The occurrence of the crossover classes RI and rL, although they have 
not been proven by tests other than phenotypic appearance, indicates 
that the factors R and L are not identical, as might have been supposed 
from preliminary studies reported earlier (Linpstrom 1918) where the 
limited data pointed only to complete linkage. In this connection it might 
be noted that the factors Rr and Gg (the latter factor-pair of which the 
homozygous recessive condition gg produces a golden plant) have been found 
to show 23 percent crossing over, while L/ and Gg show 19 percent crossing 
over. If R and L are not identical but show a crossover percentage of 
1.6 percent then the order of the factors must be R-L-G, and the difference 
between 23 percent and 19 percent might possess some significance, although 
these crossover percentages also are based on relatively small numbers. 
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DISCUSSION 


During the six years which have elapsed since these genetical investi- 
gations on chlorophyll in maize seedlings were begun, the inheritance of 
the three types of abnormal seedlings, white, virescent-white and yellow, 
has proven itself to be typically Mendelian. The stability of the types has 
been such that no practical difficulty in classifying them from year to 
year has arisen, especially when they were grown undet optimum con- 
ditions. It is true that only the most clearly defined types were chosen 
to carry on the investigations. This was done to remove any possible 
modifying factors which would have a tendency to obscure the fundamental 
relations between the basic factors. That there are such modifying factors 
is certain. But their influence is to be studied only after the fundamental 
factors have been isolated and tested genetically. Such a procedure is 
entirely natural and justifiable if we can prove that these fundamental 
factors, when so isolated, behave as relatively stable units and follow some 
definite system of inheritance. This is the true situation with respect to 
the seedling types of maize. The fundamental factors Ww, Vv and Ll 
are expressed as stable seedling characters which exhibit strict and typical 
Mendelian inheritance. 

The genetic analysis of the three factors, w, v and /, the first two of which 
are related to the development of green pigment and the third to the for- 
mation of yellow color, has established a definite interrelation between 
these factors that should offer some suggestions as to their chemical or 
physiological behavior. Whether one can draw an analogy between genetic 
relations and chemical or physiological relations is still in the realm of 
speculation. It seems reasonable to suppose however; that the two proc- 
esses are not independent, and that future development will see them inti- 
mately related with each other. 

Our genetic hypothesis has demonstrated that the various types of maize 
seedlings possess the following factors: 


MIS Scere tien Sa Be os 0 85. Mea h cbr oe wees Aiels wal dbp sheet iva) 
Cg a ee Ts ek ke 

MMO 6 i.e pels esis deed Case wo UA ND Vel nuti awk 3&6 coe ie Se ee 
SET EPR ee Ie Te 

ok ree Ce ee eT OT rei 


From this series of interrelations we can derive several interesting and 
critical suggestions as to the relationship between the green and yellow 
pigments here concerned. 

For the complete development of green color it seems that there are at 
least two factors necessary, W and V. It must not be thought, however. 
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that these two are the only ones concerned. Suggestions are now at hand 
of another factor which apparently interacts with W to give a 9:7 ratio 
of green to white seedlings. Green pigment is then dependent on two, 
possibly three factors. How are these green-producing factors and their 
allelomorphs related to yellow pigment? 

A genetic relationship between green and yellow pigment, as shown by 
the factorial behavior, is clearly seen in the action of the w factor. This 
factor is able to inhibit or repress the green or virescent color produced 
by v but does not interfere with the development of the yellow pigment 
produced by /. 

This is most definitely seen by considering the four genotypes, LVw, Low, 
1Vw, and low, of which the first two are white and the last two yellow. In 
the first type (LVw), w inhibits any green pigment which might be pro- 
duced by V or even L; and in the second genotype (Low) it even represses 
the slight amount of green pigment caused by v as well as any pigment 
that might be produced by L. In the third type (/Vw), however, although 
w inhibits any green-producing effect of the V factor, it does permit the 
yellow pigment caused by / to appear, producing a pure yellow seedling. 
If w were replaced by W in this type, the result would be a green seedling 
(\VW) in which the yellow pigment caused by / would presumably be 
hidden by the green color. The fourth genotype (/vw) is also pure yellow 
because w prevents the virescent or greening effect of v from functioning 
but allows / to form its yellow pigment. These reactions of the w factor 
can be resolved into the simple statement that a plant possessing the w 
factor lacks something essential for the development of normal green pig- 
ment but not for the development of yellow pigment, which apparently 
is normally produced whenever / is present. 

Genetically, then, green and yellow pigment in this respect are inde- 
pendent of each other. Whether such independence of action actually 
occurs between the formation of the chlorophyll and xanthophyll pigments 
in leaf tissue is at present unknown. It is entirely possible that the for- 
mation of these two pigments is unrelated, at least in some stage of develop- 
ment, and this genetic relation offers some such suggestion. 

The fact that all three factor-pairs concerned in the formation of green 
and yellow pigment are located in different groups or in different chromo- 
somes agrees with the situation in Drosophila, namely, that factors which 
are closely related as to their phenotypic expression are not necessarily 
grouped together in the germ-plasm. This of course is also true for aleu- 
rone color in maize, for which three factors (A, C, R) are responsible, all 
of them being located in different chromosomes. 
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SUMMARY 


1. The inheritance of three factors, w (white), v (virescent) and / (yellow), 
and their respective allelomorphs, W, V and L, which govern the formation 
of green and yellow pigments in maize seedlings, is shown to be typically 
Mendelian. 

2. A summary of previous work, including some new data, showing the 
interaction between the factors Ww and Vv and between Via and LI is given. 

3. An hypothesis to explain the trihybrid interaction of the factors is 
proposed. The F, generation of the trihybrid L/V~xWw, based on this 
hypothesis, results in a 36:9:7:12 ratio of green : virescent-white : yel- 
low : white seedlings, respectively, with which the actual data are well in 
accord. 

4. The F, and F; data show that the factors L, V and W are inherited 
independently of each other. 

5. The factors W and V, which are necessary for the formation of green 
pigment, show no interaction with / which is concerned in the formation 
of the yellow pigment in seedlings. Factor w interacts with v but not with 
l. In other words, w inhibits the virescent-green pigment produced by 
v but allows the yellow pigment produced by / to develop independently. 

6. The independent inheritance of Li, Vv and Ww is also shown by their 
relations to the Rr factor-pair for aleurone-color development, both Ww 
and Vv being inherited independently of Rr. 

7. Very close linkage between Rr and LI is demonstrated. Crossing 
over occurs very infrequently. 
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